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Antecedentes.!El!tratamiento!periodontal!no!quirúrgico!(raspado!y!alisado!radicular)!ha! mostrado! ser! efectivo! en! el! tratamiento! de! las! periodontitis! crónicas! iniciales! o!moderadas.! Sin! embargo,! las! técnicas! convencionales! por! medio! de! curetas! y/o!dispositivos!automáticos!(tipo!ultrasonidos)!tienen!ciertas!limitaciones,!especialmente!en! los! casos! de! enfermedad! más! avanzada! y! en! las! zonas! de! difícil! acceso! al!desbridamiento!mecánico! del! biofilm.! En! este! contexto,! la! tecnología! del! láser! se! ha!desarrollado!y!aplicado!en!el!campo!de! la!Periodoncia!para! tratar!de!solventar!estos!problemas!y!puede!ser!una!alternativa!de! tratamiento!al! raspado!y!alisado!radicular!convencional.!!
Objetivos.! Los! objetivos! de! esta! serie! de! trabajos! fueron! analizar! y! actualizar! los!conocimientos! actuales! de! las! modificaciones! de! la! terapia! convencional! en! el!tratamiento! noPquirúrgico! de! la! periodontitis! crónica! (Estudio! 1),! evaluar! la! eficacia!clínica! de! un! nuevo! protocolo! de! tratamiento! periodontal! que! incluía! el! láser! de!Er:YAG! como! sistema! de! desbridamiento! mecánico! (Estudio! 2)! y! evaluar! el! efecto!microbiológico! y! los! patrones! de! recolonización! de! esta! modalidad! de! tratamiento!(Estudio!3).!!
Material*y*métodos.*Resultados.!!




Estudios!2!y!3.!Por! lo! expuesto! anteriormente,! se!diseñó!y! se! llevó! a! cabo!un!ensayo!clínico!aleatorizado!en!el!que!se! trató!de!evaluar!un!nuevo!protocolo!de! tratamiento!que! combinaba! una! sesión! de! raspado! y! alisado! radicular! de! toda! la! boca! con!ultrasonidos!y!el!uso!del! láser!de!Er:!YAG,!una!semana!después,!en! las! localizaciones!con!una!profundidad!de!sondaje! inicial!≥!4,5!mm.!Los!resultados!se!compararon!con!un!protocolo!de! tratamiento! convencional! en! el! que! se! realizó! el! raspado!de! toda! la!boca! con! ultrasonidos! en! dos! sesiones! separadas! por! una! semana! en! pacientes! con!periodontitis! crónica! inicial! o! moderada,! doce! meses! después! del! tratamiento.! La!eficacia! se! evaluó! en! términos! de! la! respuesta! clínica! (Estudio! 2)! y! microbiológica!(Estudio!3).!En!general,!ambas!modalidades!de!tratamiento!resultaron!en!una!mejora!clínica!estadísticamente!significativa,!aunque!el!grupo!experimental!mostró!un!menor!porcentaje! de! localizaciones! con! profundidad! de! sondaje! ≥4,5! mm! a! los! 12! meses!(17,44%! en! el! grupo! experimental! versus! 22,83%! en! el! grupo! control;! p=0,004)! y!tendencia!a!un!menor!porcentaje!de! localizaciones!≥4,5!mm!con!sangrado!al!sondaje!(9,78%! versus! 12,69%,! respectivamente;! p=0,052).! En! cuanto! a! los! cambios!microbiológicos,! el! impacto! de! ambas! modalidades! de! tratamiento! en! las! bacterias!totales! y! en! la! frecuencia! de! detección! de! las! principales! bacterias! periodontoPpatógenas!fue!limitado!y!similar.!La!única!diferencia!entre!el!grupo!experimental!y!el!control! se! encontró! para! la! reducción! de! la! profundidad! de! sondaje! de! las!localizaciones!en!las!que!se!tomó!muestra!microbiológica,!con!mejores!resultados!para!el!grupo!del!láser.!!







*La!periodontitis!es!una!enfermedad!inflamatoria!crónica,!de!naturaleza!infecciosa,!causada!por! una! microbiota! polimicrobiana! compleja,! que! lleva! a! la! destrucción! de! los! tejidos!periodontales! en! el! individuo! susceptible! como! consecuencia! de! la! ruptura! de! la!homeostasis! entre! esa! microbiota! subgingival! y! las! defensas! del! huésped! (Sanz! y! Van!Winkelhoff,!2011).!Si!no!se!trata!adecuadamente,!la!enfermedad!puede!progresar!y!llevar!a! la!pérdida!dentaria,! con! las! consiguiente!morbilidad!desde!el!punto!de!vista!estético!y!funcional!(Konig!et!al.,!2010).!!!Además! de! las! consecuencias! mencionadas! a! nivel! bucodental,! la! importancia! de! la!periodontitis! se! ve! aumentada! por! sus! posible! repercusiones! sistémicas.! La! exposición!crónica!a!los!mediadores!de!la!inflamación!que!sufre!un!paciente!con!periodontitis!puede!repercutir! sobre! ciertas! enfermedades! sistémicas! y! viceversa.! Se! han! propuesto! tres!posibles! mecanismos! de! cómo! la! periodontitis! puede! influir! sobre! esta! asociación:!infecciones! metastásicas! (a! distancia)! a! través! de! bacteriemias! repetidas,! inflamación!sistémica!(y!sus!mediadores)!e!inmunidad!adaptativa!(Van!Dyke!y!van!Winkelhoff,!2013).!Las!revisiones!narrativas!y!sistemáticas!que!se!han!realizado!hasta!la!fecha!sugieren!que!las! enfermedades! periodontales! son! predictores! independientes! de! varias! condiciones!sistémicas,! como! las! enfermedades! cardiovasculares! (Tonetti! et! al.,! 2013),! la! diabetes!(Chaple!et!al.,!2013),! los!partos!de!bajo!peso!y!prematuros! (Sanz!et!al.,!2013),! la!artritis!reumatoide! y! el! cáncer! (Linden! et! al.,! 2013).! Esta! asociación! deriva! de! estudios!epidemiológicos,!principalmente!retrospectivos,!y!estudios!animales!que!han!evaluado!los!mecanismos!potenciales! (plausibilidad!biológica).! Incluso,! en! algunas! asociaciones! como!la! diabetes! y! los! resultados! adversos! del! embarazo,! se! dispone! de! ensayos! clínicos!aleatorizados!de!intervención.!!Las!cifras!de!prevalencia!de!la!periodontitis!son!elevadas!y!varían!de!unas!poblaciones!a!otras.! En! uno! de! los! últimos! estudios! epidemiológicos,! llevado! a! cabo! en! los! Estados!Unidos!en!una!población!de!más!de!3700!individuos,!el!47%!tenían!periodontitis,!siendo!alrededor!del!80%!formas!moderadas!o!avanzadas!de!la!enfermedad!(Eke!et!al.!2012).!En!cuanto! a! las! cifras! en! España,! se! está! viendo! una! reducción! en! el! Índice! Periodontal!Comunitario!en!adultos!jóvenes!con!el!paso!de!los!años.!No!obstante,! los!datos!muestran!
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como!un!25%!de!los!adultos!jóvenes!(35P44!años)!tienen!pérdida!de!inserción!de!4P5!mm!y,!más!de!un!5%,!mayores!o!iguales!a!6!mm!(Llodra!Calvo!et!al.,!2012).!!El!modelo!actual!para!explicar!la!patogénesis!de!la!periodontitis!se!basa!en!el!desarrollo!de!una! respuesta! inflamatoria! e! inmune! frente! a! la! invasión!bacteriana,! responsable!de! los!cambios!en!el!metabolismo!del!tejido!conectivo!y!del!hueso.!Estos!cambios!son!los!que!van!a!llevar!a!la!destrucción!de!los!tejidos!periodontales.!Sin!embargo,!esta!ruta!patogénica!va!a!estar!modulada!por!distintos!factores!de!riesgo!sistémicos!y!medioambientales!que!van!a!definir! la! susceptibilidad! individual! y! la! progresión! de! la! enfermedad! (Van!Dyke,! 2007;!Kinane!y!Bartold,!2007;!Haffajee!y!Socransky,!2006).!!Aunque! las! bacterias! no! son,! per! se,! las! responsables! de! los! cambios! destructivos! que!caracterizan!las!periodontitis,!son!esenciales!para!el!desarrollo!de!la!respuesta!antigénica!que!desencadena!y!perpetúa!los!cambios!inflamatorios!crónicos!que!destruyen!los!tejidos.!Estas! bacterias! están! organizadas! en! comunidades! altamente! estructuradas! (biofilms)!adheridas! a! las! estructuras! dentales! y! próximas! al! margen! gingival! y! son! capaces! de!!resistir! a! la! acción! física! o! a! los! cambios! medioambientales! que! acontecen! durante! la!práctica!de!la!higiene!oral!o!del!uso!de!agentes!antimicrobianos!(Slots,!1977;!Slots,!1999;!Stoodley!et!al.,!2002).!!Aunque! existe! controversia! entre! el! papel! que! tienen,! en! la! etiopatogenia! de! la!enfermedad,!bacterias!específicas!frente!a!un!mero!incremento!en!el!número!de!patógenos!en!el!biofilm,!hay!suficiente!evidencia!de!que!ciertos!patógenos!específicos!que!residen!en!el! biofilm! subgingival! poseen!una! serie! de! factores! de! virulencia! que! pueden! facilitar! la!ruptura!de!las!barreras!naturales!de!los!tejidos,!la!evasión!de!los!mecanismos!de!defensa!de!la!respuesta!inmune!del!huésped!y!la!estimulación!directa!de!las!cascadas!metabólicas!que!llevan!a!la!destrucción!del!tejido!conectivo!y!del!hueso!(Socransky!et!al.,!1979;!!Vernal!et!al.,!2014a;!Vernal!et!al.!2014b).!Dentro!de!estas!especies!bacterianas!específicas,!existen!tres! que! se! han! asociado! de! manera! fuerte! con! la! periodontitis,! Aggregatibacter!
actinomycetemcomitans,!Porphyromonas!gingivales!y!Tannerella!forsythia.!!!
2.*Tratamiento*periodontal*noXquirúrgico*
*El! objetivo! principal! del! tratamiento! periodontal! es! preservar! la! dentición! natural.! Para!ello,! es! necesario! frenar! el! proceso! inflamatorio! crónico! que! resulta! en! la! pérdida! de!
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inserción! periodontal,! de! hueso! alveolar! y! en! la! formación! de! bolsas! periodontales.!Aunque! la! periodontitis! es! una! enfermedad! multiPfactorial,! se! ha! demostrado! un! papel!claro! de! las! bacterias! en! la! etiopatogenia! de! la! enfermedad! y,! por! consiguiente,! el!tratamiento! de! la! periodontitis! tiene! que! estar! encaminado! a! eliminar! o! reducir!significativamente!el!biofilm!(Slots!y!Ting,!1999).!!!En! las! últimas! tres! décadas! se! han! realizado! numerosos! avances! científicos! que! han!ayudado! a! aumentar! el! entendimiento! sobre! las! enfermedades! periodontales,! desde! el!punto!de!vista!celular!al!molecular,!e!incluso!al!genético!(Page!y!Kornman,!1997;!Page!et!al.,!1997;!Yoshinari!et!al.,!2004).!Sin!embargo,!a!pesar!de!los!avances!en!la!comprensión!de!la! etiopatogenia! de! la! enfermedad! y! de! los! factores! que! influyen! en! su! progresión,! los!procedimientos! tradicionales!para!desbridar! los!depósitos!bacterianos!de! las! superficies!radiculares!y! la!eliminación!de! los! factores!que!favorecen!su!acúmulo!sigue!siendo!parte!integral!del!tratamiento!de!las!periodontitis.!De!hecho,!el!desbridamiento!mecánico!de!la!raíz! ha! mostrado! conseguir! una! mejoría! en! la! salud! gingival! y! ser! capaz! de! detener! la!progresión!de!la!pérdida!de!inserción!y,!consiguientemente,!reducir!significativamente!la!pérdida!dentaria!(Axelsson!y!Lindhe,!1978;!Knowles!et!al.,!1979;!Lindhe!y!Nyman,!1984).!En!este!trabajo,!se!utilizará!el!término!“desbridamiento”!para!referirse!en!general!a!todas!las! técnicas! de! instrumentación! subgingival,! independientemente! de! su! naturaleza!(raspado,!alisado,!ultrasónico,! láser…).!Aunque!no!es!correcto!en!español,!se!ha!decidido!usar!este!término!por!la!similitud!con!la!terminología!en!inglés!(“debridement”).!!El!tratamiento!de!referencia!de!la!mayor!parte!de!las!periodontitis!crónicas!es!el!raspado!y!alisado! radicular! (RAR),! que! permite! eliminar! mecánicamente! el! biofim! subgingival! y!despegar!el! cálculo!de! las! raíces!afectadas,!dejando!unas!superficies! limpias!y! lisas.!Esta!técnica! necesita! ser! suplementada! con! la! participación! activa! del! paciente! mediante!medidas! estrictas! de! higiene! oral! que! prevengan! la! recolonización! bacteriana! y! la!formación!del!biofilm!supragingival.!!!El!desbridamiento!se!realiza!de!manera!convencional!con!instrumentos!manuales!(curetas!y!hoces)!y!en!varias!visitas!(por!cuadrantes!o!sextantes).!Su!eficacia!está!suficientemente!contrastada,!tanto!en!revisiones!narrativas!(Cobb,!1996;!Adriens!y!Adriens,!2004;!Suvan,!2005)!como!sistemáticas!(van!der!Weijden!y!Timmerman,!2002;!Hallmon!y!Rees,!2003),!obteniendo!cambios!significativos!en!la!ganancia!de!niveles!de!inserción!clínica!(NIC),!en!la!reducción!de!la!profundidad!de!sondaje!(PS)!y!en!los!porcentajes!de!sangrado!al!sondaje!(SaS).!El!RAR!obtiene!resultados!significativa!y!clínicamente!superiores!si!se!compara!con!
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no! realizar! tratamiento,! con! las! instrucciones! de! higiene! oral! o! con! la! profilaxis!supragingival,!y!va!a!permitir!controlar!la!mayor!parte!de!las!periodontitis,!especialmente!las!formas!iniciales!y!moderadas!(HeitzPMayfield!et!al.,!2002).!En!este!contexto,!el!RAR!es!capaz! de! mejorar! significativamente! los! NIC,! entre! 0,55! y! 1,29! mm,! y! de! reducir!significativamente!la!PS!entre!1,29!y!2,16!mm!(Cobb,!1996).!!!En! la! actualidad,! se! está! dando! mucha! importancia! a! las! variables! relacionadas! con! el!paciente! (dolor,! molestias! postoperatorias,! inflamación! después! del! procedimiento,!satisfacción!general,!etc.),!por!lo!que!es!fundamental!entender!las!diferencias!que!existen!entre! los!conceptos!de!efecto,!eficacia,!efectividad!y!eficiencia!(Suvan,!2005).!Efecto!es! la!asociación! que! existe! entre! una! intervención! y! las! variables! respuesta,! o! el! estadístico!empleado!para!resumir!la!fuerza!de!una!asociación!observada.!Eficacia!es!la!extensión!en!la! que! una! intervención! puede! producir! una! respuesta! beneficiosa! bajo! circunstancias!ideales.!Efectividad!es! la! extensión!en! la!que!una! intervención! (tratamiento,!diagnóstico,!prevención,! educación,! etc.)! puede! producir! una! respuesta! beneficiosa! bajo! las!circunstancias!ordinarias!del!día!a!día.!Eficiencia!es!la!extensión!en!la!que!el!balance!entre!puntos!de!entrada!(esfuerzo!o!costes)!y!salida!(variables!respuesta,!incluidos!beneficios!y!efectos!adversos)!representa!un!valor!para!los!gastos!necesarios!(dinero,!recursos,!tiempo,!esfuerzo).! En! este! contexto,! disponemos! de! suficiente! evidencia! para! demostrar! que! el!RAR!tiene!un!efecto!importante!sobre!la!periodontitis!y!es!eficaz!en!su!tratamiento!(Cobb,!1996;! Adriaens! y! Adriaens,! 2004).! Sin! embargo,! disponemos! de! pocos! datos! de! cómo!relacionar! los! resultados! con! la! práctica! clínica! diaria! (efectividad! y! eficiencia),! tanto! a!nivel!de!la!población!como!de!la!intervención!y!de!su!respuesta!(Figura!1).!!Por!otro! lado,!el!efecto!de! los!resultados!va!a!depender!de!ciertos!factores!que,!a!su!vez,!van!a!determinar!las!limitaciones!que!existen!con!esta!técnica.!Entre!estos,!caben!destacar:!! P Severidad! inicial! de! la! enfermedad.!Existe!una! relación!directamente!proporcional!entre!el!grado!de!severidad!de! la!enfermedad!y!el!efecto!del! tratamiento,!de!modo!que!cuanto!mayor!sea! la!PS! inicial,!vamos!a!obtener!una!mayor!reducción!de!PS!y!una!mayor!ganancia!de!NIC!(Hung!y!Douglas,!2002).!Se!puede!esperar!que!en!bolsas!≤3!mm!haya!una!reducción!de! la!PS!de!0,24!mm!(intervalo!de!confianza!(IC)!95%:!0,11P0,36)! y! una! ganancia! de! NIC! de! 0,05! mm! (IC! 95%:! P0,08P0,18),! aunque! es!probable!que!en!estas!localizaciones!se!experimente!pérdida!de!inserción;!en!bolsas!de!4!a!6!mm,!una!reducción!de!la!PS!de!1,02!mm!(IC!95%:!0,8P1,24)!y!una!ganancia!de!NIC!de!0,53!mm!(IC!95%:!0,31P0,76);!y!en!bolsas!≥7!mm,!una!reducción!de!la!PS!
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de!1,98!mm!(IC!95%:!0,66P2,29)!y!una!ganancia!de!NIC!de!1,14!mm!(IC!95%:!0,83P1,46).! Sin!embargo,! a! su!vez!hay!que!entender!que! cuanto!mayor! sea! la!PS! inicial,!más!dificultades!va!a!haber!para!eliminar!correctamente!todo!el!biofilm!y!el!cálculo!subgingival,! por! lo! que! podría! ser! necesario! un! tratamiento! más! avanzado! que!permita!acceder!correctamente!a!las!localizaciones!con!bolsas!más!profundas,!como!es!la!cirugía!periodontal!(Brayer!et!al.,!1989!;!Buchanan!y!Robertson,!1987).!!!P Tipo! de! instrumento.! De! manera! tradicional,! el! RAR! se! realiza! con! instrumentos!manuales! (curetas! y! hoces)! y/o! con! dispositivos! automáticos! (generalmente,!ultrasónicos! o! sónicos).! Cuando! se! han! comparado! ambos! instrumentos! no! se! ha!visto!diferencia!entre!ambos!para!ninguna!de! las!variables!respuesta!(Walmsley!et!al.,! 2008;! Hallmon! y! Rees,! 2003;! Tunkel! et! al.,! 2002),! excepto! que! los! sistemas!automáticos!son!más!rápidos!y,!por!lo!tanto,!más!eficientes!(Tunkel!et!al.,!2002).!!!P Experiencia! del! operador.! La! técnica! de! RAR! requiere! una! curva! de! aprendizaje!importante! y! un! entendimiento! de! la! compleja! anatomía! radicular! y! de! sus!variaciones.!Es!por!ello!que!la!experiencia!del!operador!puede!estar!relacionada!con!la!magnitud!del!efecto!clínico!(Brayer!et!al.!1989)!!P Factores! anatómicos.! La! capacidad! de! eliminar! correctamente! todo! el! biofilm! y! el!cálculo!se!va!a!ver!limitada!por!diversos!factores!anatómicos,!como!son!las!lesiones!de!furca,!los!surcos!profundos,!los!defectos!intraPóseos,!las!bolsas!muy!profundas!y!los! sectores! posteriores! (Waerhaugh,! 1978).! Todas! estas! condiciones! anatómicas!pueden!limitar!la!magnitud!del!efecto!y!la!eficacia!del!RAR,!pudiendo!ser!necesaria!la!cirugía!periodontal.!!!P Factores!relacionados!con!el!paciente,! como!son!el! tabaco!y!su! incorporación!a!un!correcto!programa!de!control!de!placa.!Los!pacientes! fumadores,! además!de! tener!una!mayor!prevalencia!y!severidad!de!periodontitis,!van!a!experimentar!un!menor!efecto!del!RAR!para! la! reducción!de! la!PS! (Labriola! et! al.,! 2005),! por! lo!que! es!un!factor!que!puede! limitar! los!resultados!de! la! técnica.!Además,! los!pacientes!que!no!sigan!un!correcto!programa!de!control!de!placa!tienen!mayor!riesgo!de!recidiva!de!la! enfermedad,! de! pérdida! de! dientes! y! de! desarrollo! de! nuevas! superficies! con!caries!(Axelsson!y!Lindhe,!1981).!!!
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El! impacto! del! tratamiento! periodontal! no! quirúrgico! en! los! cambios! de! la! microbiota!subgingival! y! en! los! patrones! de! recolonización! de! estos! nichos! se! ha! revisado!detenidamente!(Petersilka!et!al.,!2002).!Se!ha!demostrado!que!el!RAR!puede!reducir!hasta!un! 99%! los! recuentos! totales! de! bacterias! inmediatamente! después! de! realizar! el!desbridamiento,!pero!la!erradicación!completa!no!es!posible!por!las!limitaciones!que!tiene!la!técnica!en!su!capacidad!de!eliminar!correctamente!todo!el!biofilm!y!el!cálculo!(Brayer!et!al.,! 1989;! Buchanan! y! Robertson,! 1987;! Waerhaugh,! 1978)! y! por! el! hecho! de! que! las!bacterias!pueden!residir!en!otros!tejidos!blandos!(Cugini!et!al.,!2000;!Haffajee!et!al.,!1997;!Takamatsu! et! al.,! 1999)! o! en! irregularidades! de! la! superficie! radicular! y! en! los! túbulos!dentinarios!(Adriens!et!al.,!1988).!Sin!embargo,!la!reducción!de!estos!niveles!bacterianos!es! muy! limitada! en! el! tiempo! y! la! recolonización! comienza! pocos!minutos! después! del!tratamiento,!alcanzándose!niveles!similares!a!los!de!antes!del!desbridamiento,!apenas!en!3!a!7!días!(Harper!y!Robinson,!1987).!No!obstante,!los!cambios!inducidos!en!la!composición!de! la! microbiota! duran! más! tiempo.! En! este! contexto! se! ha! observado! una! reducción!significativa! después! del! tratamiento! en! los! recuentos!medios,! en! la! prevalencia! y! en! la!!proporción!de!especies!bacterianas!periodontoPpatógenas!como!P.!gingivalis,!T.!forsythia!y!
Treponema!denticola! (Cugini! et! al.,! 2000;! Pedrazzoli! et! al.,! 1991).! Por! el! contario,! en! la!dinámica! del! proceso! de! recolonización,! se! aprecia! un! aumento! en! las! proporciones!medias!de!otras!especies!no!periodontoPpatógenas,!como!son!Actinomyces!spp.,!Veillonella!





*La! terapia! convencional! del! RAR! se! ha! modificado! con! el! fin! de! tratar! de! mejorar! los!resultados! clínicos! y! la! capacidad! de! acceso! a! desbridar! correctamente! todas! las!superficies! radiculares,! incluso! en! las! zonas! donde! la! técnica! convencional! tiene! más!limitaciones.! Estas! modificaciones! se! pueden! aplicar! a! varios! niveles:! mejorando! los!instrumentos! manuales,! nuevos! desarrollos! en! los! dispositivos! automáticos! existentes,!desarrollo!de!nuevos!protocolos!de!actuación,!uso!de!tratamientos!coadyuvantes!y!uso!de!nuevas!tecnologías.!!!
Mejora'de'los'instrumentos'manuales'En! cuanto! a! la! forma! y! tamaño! de! los! instrumentos,! las! curetas! se! han! diseñado! para!alcanzar!una!inserción!subgingival!con!el!mínimo!trauma,!para!llegar!al!fondo!de!la!bolsa!con!la!mínima!distensión!de!los!tejidos!blandos,!para!alcanzar!una!correcta!adaptación!de!los!bordes!a!las!superficies!curvas!y!para!conseguir!una!mayor!sensibilidad!táctil.!En!este!contexto,! se! han! modificado! las! curetas! convencionales,! con! tallos! más! largos,! puntas!activas! más! pequeñas! y! curvaturas! más! marcadas! (ejemplo:! After! Five®,! HuPFiedy,!Chicago,!E.E.U.U.),!Mini!Five®!(HuPFiedy,!Chicago,!E.E.U.U.),!Curvette®!(HuPFiedy,!Chicago,!E.E.U.U.)),!para!acceder!a!bolsas!profundas,! estrechas,! furcas!y!a! las! líneas!ángulo!de! las!superficies!radiculares.!Pese!a!que!el! tamaño!de! la! longitud!del! tallo!y!de! la!punta!activa!pueden!influir!en!la!capacidad!que!tenemos!de!entrada!a!zonas!de!difícil!acceso!como!las!furcas!(dos!Santos!et!al.,!2009),!no!hay!disponibles!estudios!clínicos!que!hayan!encontrado!una! mejor! respuesta! al! tratamiento! en! comparación! a! los! instrumentos! manuales!convencionales.!!!
Nuevos'desarrollos'en'los'dispositivos'automáticos'existentes'Del!mismo!modo!que!con!las!curetas,!las!puntas!de!los!dispositivos!automáticos!se!diseñan!para!alcanzar!una!inserción!subgingival!con!el!mínimo!trauma,!para!llegar!al! fondo!de!la!bolsa! con! la! mínima! distensión! de! los! tejidos! blandos,! para! alcanzar! una! correcta!adaptación! de! la! punta! a! todas! las! superficies! y! para! producir! una! menor! sensibilidad!dentinaria!mediante!un!sistema!de!control!de!la!frecuencia!de!vibración,!en!función!de!la!presión! ejercida! contra! la! superficie! radicular! o! los! tejidos! blandos! (Piezon®! No! Pain,!EMS,! Nyon,! Suiza).! También! se! han! modificado! el! grosor,! curvatura! y! material! para!conseguir! un! mejor! acceso! a! las! zonas! de! compromiso,! e! incluso! se! han! desarrollado!sistemas! que! permiten! irrigar! estas! puntas! con! algún! agente! antimicrobiano! como! la!
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clorhexidina,! aunque! su! uso! no! ha! encontrado! un! beneficio! adicional! con! respecto! a! la!irrigación! con! agua! (Hanes! y! Purvis,! 2003).! No! obstante,! no! disponemos! de! estudios!clínicos!previos! a! la! realización!de! esta! tesis!doctoral!que!hayan! comparando! la! eficacia!clínica!de!las!modificaciones!en!las!puntas!de!dispositivos!automáticos!en!comparación!a!las! convencionales! y,! las! investigaciones! que! han! encontrado! alguna! ventaja! a! favor! de!dichas!modificaciones,!lo!han!hecho!en!la!eliminación!de!cálculo!artificial!en!las!furcas!de!molares!en!modelos!in!vitro!(Sugaya!et!al.,!2002a,b).!!
'





Uso'de'tratamientos'coadyuvantes'Otra!modificación! que! se! puede! realizar! en! el! tratamiento! convencional,! para! tratar! de!mejorar!los!resultados!clínicos!y!microbiológicos,!es!añadir!alguna!terapia!coadyuvante!al!desbridamiento! mecánico! de! la! raíz.! La! mayor! parte! de! estas! terapias! coadyuvantes!buscan! conseguir! algún! efecto! adicional! sobre! la! reducción! de! los! patógenos!periodontales,! ralentizar! los! procesos! de! recolonización! o! actuar! sobre! la! respuesta! del!huésped! y/o! los! mediadores! de! la! inflamación,! mejorando! así! la! respuesta! clínica! del!tratamiento.! Debido! a! que! con! la! gingivitis! existe! una! relación! causaPefecto! entre! el!acúmulo!de!bacterias!y!la!inflamación,!más!clara!que!con!las!periodontitis,!muchos!de!los!modelos!de!terapia!coadyuvante!se!han!estudiado!en!estas!patologías.!Caben!destacar!los!siguientes!grupos!de!terapias!coadyuvantes:!! a) Antimicrobianos!sistémicos:!los!antimicrobianos!sistémicos!se!han!empleado!como!coadyuvantes!al!RAR!con!el!fin!de!actuar!sobre!microorganismos!diana!que!sabemos!que!se!encuentran!en!los!biofilm!y!sobre!los!que!el!desbridamiento!mecánico!tiene!un! impacto! limitado.! Su! uso! siempre! debe! ser! después! de! haber! realizado! un!desbridamiento! subgingival! y,! aunque! no! existe! un! protocolo! claro! de! cómo! se!deben!emplear,!es!preferible!que!el!RAR!se!realice!en!un!corto!periodo!de!tiempo!(<!1!semana)!y! la! ingesta!del!antibiótico!comience!el!mismo!día!de! la! finalización!del!tratamiento!mecánico.!El!análisis!de!la!literatura!avala!su!uso!después!del!RAR!y!no!disponemos!de!suficientes!datos!para!hacerlo!tras!la!cirugía!periodontal!(Herrera!et!al.,!2008).!Las!conclusiones!de!la!revisión!sistemática!que!ha!evaluado!su!uso!como!coadyuvante! al! RAR! establece! que! los! pacientes! con! bolsas! profundas,! con!enfermedad!activa!o!progresiva!y! con!unos!perfiles!microbiológicos!determinados!se!pueden!beneficiar!en!términos!de!los!cambios!en!la!PS!y!del!NIC!y!en!reducir!el!riesgo!de!pérdida!de!inserción!adicional!(Herrera!et!al.!2002).!!b) !Antimicrobianos! locales:! los! antimicrobianos! locales! se! han! propuesto! como!coadyuvantes! al! RAR! en! un! intento! de!minimizar! las! limitaciones! del! tratamiento!convencional!y!de!los!efectos!adversos!asociados!al!uso!sistémico!de!los!antibióticos.!Esta!opción!aparece!como!una!alternativa!al!tratamiento!periodontal!quirúrgico!en!aquellos! casos! con! un! número! limitado! de! bolsas! residuales! profundas,! o! incluso!para! controlar! recidivas! localizadas.! Cuando! se! ha! evaluado! el! posible! valor!adicional! en! comparación!a! la! técnica! convencional! en!una! revisión! sistemática! se!constató!que!el!beneficio!medio!ponderado!del!uso!de!antimicrobianos! locales! fue!de! 0,407! mm! en! reducción! de! la! PS! y! de! 0,310! en! la! ganancia! del! NIC! (ambos!
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estadísticamente! significativos);! sin! embargo,! de! forma! específica,! no! puede!recomendarse! ningún! producto! en! concreto! ni! ningún! protocolo! definido! de!actuación!relativo!a!estos!productos!(MatesanzPPérez!at!al.,!2013).!! c) Antisépticos:! el!uso! coadyuvante!de!antisépticos! como!método!de!control!químico!de! la! placa! puede! ser! necesario! en! aquellos! individuos! que! no! son! capaces! de!eliminar! de! manera! efectiva! el! biofilm! supragingival! mediante! medidas!estrictamente!mecánicas.!Lo!que!se!le!pide!a!un!agente!químico!es!que!sea!capaz!de!inhibir! la! formación! de! nueva! placa! (inhibidor! de! placa)! y/o! que! esa! inhibición!tenga!capacidad!para!reducir!la!inflamación!gingival!(antiplaca)!sin!efectos!adversos!relevantes.! Los! resultados! de! una! revisión! sistemática! reciente! han! demostrado!como!ciertas!formulaciones,!con!unos!agentes!químicos!específicos,!en!el!manejo!de!la!gingivitis!y!de!la!placa,!pueden!ofrecer!una!mejoría!estadísticamente!significativa!en! los! índices! de! placa,! gingivales! y! de! sangrado! en! comparación! a! los! controles!negativos.! Del! mismo! modo,! su! uso! junto! al! control! mecánico! puede! ofrecer!beneficios!en!términos!de!la!prevención!del!desarrollo!de!inflamación!gingival!y!en!el! control! de! los! niveles! de! placa.! La! selección! del! vehículo! de! presentación! del!agente! químico! es! importante,! ya! que! los! colutorios! han! mostrado! un! mayor!impacto!en! las!variables!clínicas,!aunque! los!dentífricos!son!más!convenientes!por!su! mayor! uso! en! la! población! junto! al! cepillado.! Sin! embargo,! no! se! puede!recomendar! un! producto! en! concreto! por! la! ausencia! de! comparaciones! directas!entre!los!distintos!productos!(Serrano!et!al.,!2015).!! d) Antiinflamatorios:! los! antiinflamatorios! se! han! estudiado! en!modelos! de! gingivitis!experimental!para!ver!su!capacidad!de!reducción!de!los!índices!gingivales!y!del!SaS,!ya! sea! como! única!medida! de! tratamiento! o! como! coadyuvantes! a! la! eliminación!mecánica!de!la!placa.!Caben!destacar!dos!grandes!grupos!de!productos!empleados,!los! antiinflamatorios!no! esteroideos! con!una! fórmula! en! forma!de!medicamento! y!los!productos!naturales!empleados!de!manera!tópica!(como!colutorios,!dentífricos,!chicles,!etc.)!o!sistémica!(como!el!ácido!ascórbico!o!la!vitamina!D).!Los!resultados!de!una! revisión! sistemática! reciente! han! demostrado! que! el! uso! de! antiinflamatorios!como!único!tratamiento!o!como!coadyuvantes!pueden!producir!un!efecto!adicional!en!la!reducción!del!SaS!y!de!los!índices!gingivales,!en!comparación!con!los!controles,!de! manera! estadísticamente! significativa.! Sin! embargo,! aunque! muchos! de! los!productos!aplicados!de!manera!tópica!(mayor!parte!de!los!estudios)!han!mostrado!un!beneficio!adicional!sobre! la! inflamación!gingival,!es!difícil!atribuir!este!efecto!a!
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una!capacidad!antiinflamatoria,!ya!que!los!mecanismo!biológicos!se!han!definido!de!manera!pobre!(Polak!et!al.,!2015).!! e) Moduladores! de! la! respuesta! del! huésped:! los! moduladores! de! la! respuesta! del!huésped!se!han!empleado!de!manera!coadyuvante!al!desbridamiento!mecánico!con!fines! de! interferir! en! la! respuesta! inmunológica! que! acontece! tras! la! exposición!crónica!a!las!bacterias!periodontoPpatógenas!y!que!es!responsable!de!la!destrucción!de! los! tejidos! periodontales.! Existen! distintos! grupos! de! intervenciones! con!diferentes! mecanismos! de! acción! que! tratan! de! ayudar! a! la! recuperación! de! la!homeostasis!entre!las!bacterias!y!el!huésped,!dentro!de!los!cuales!podemos!destacar!los! siguientes.! La* doxiciclina* a* baja* dosis! se! utiliza! con! fines! de! modular! la!respuesta! del! huésped,! y! no! como! antimicrobiano,! pudiéndose! emplear! durante!largos! periodos! de! tiempo! sin,! aparentemente,! afectar! a! las! resistencias! de! las!bacterias.! El! mecanismo! de! acción! consiste! en! disminuir! la! actividad! de! las!metaloproteinasas!de!la!matriz,!que!tienen!un!papel!fundamental!en!la!destrucción!de! los! tejidos! periodontales.! Su! uso! como! coadyuvante! al! RAR! ha! mostrado!beneficios! clínicos! en! términos! de! reducción! de! la! PS! y! ganancia! del! NIC,! con!mínimos!efectos!adversos!(Preshaw!et!al.,!2004).!Los!mediadores!lipídicos!como!las!
resolvinas* y* protectinas,! son!moléculas! naturales! derivadas! de! diferentes! rutas!metabólicas!que!actúan!como!receptores!agonistas!y!pueden!modular! la!respuesta!del! huésped,! disminuyendo! la! sobreproducción! de!mediadores! proinflamatorios! y!favoreciendo! el! aclarado! bacteriano! de! las! superficies!mucosas! y! de! las! zonas! de!infección.! Sin! embargo,! el! potencial! del! uso! de! estos! mediadores! lipídicos! en! el!tratamiento! de! enfermedades! humanas! está! pendiente! de! una! correcta!investigación!clínica!(Van!Dyke,!2011).!También!se!están!investigando!las!proteínas*
y* péptidos* antimicrobianos,! que! son!moléculas! antiinflamatorias! y! bactericidas!que!pueden!bloquear!los!efectos!inflamatorios!desencadenados!como!consecuencia!de! la!exposición!a! las!toxinas!bacterianas.!Aunque!se!están!desarrollando!péptidos!que! mimetizan! estas! moléculas,! todavía! no! se! ha! demostrado! su! eficacia! en!humanos!(Gorr!y!Abdolhosseini,!2011).!! f) Probióticos:! los!probióticos! son!microorganismos!vivos! ,!que!administrados!en! las!concentraciones! adecuadas,! pueden! producir! un! beneficio! en! el! paciente.! Se! han!descrito! tres! posibles! mecanismos! de! acción! que! contribuirían! a! un! efecto!beneficioso!si!se!emplean!como!coadyuvantes!del!RAR:!modulación!de!las!defensas!del! huésped,! tanto! la! innata! como! la! adquirida;! producción! de! sustancias!
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antimicrobianas!frente!a!los!periodontoPpatógenos;!y!mecanismos!de!exclusión!por!competencia,! con! el! fin! de! desplazar! a! las! bacterias! patógenas! y! aumentar! la!proporción! de! bacterias! aerobias! Gram! positivas.! Sin! embargo,! tienen! que!emplearse!por!largos!periodos!de!tiempo,!ya!que!la!recolonización!de!las!bacterias!periodontoPpatógenas! ocurre! poco! tiempo!después! de! suspender! el! probiótico.! Se!ha! visto! que,! aunque! el! efecto! clínico! y!microbiológico! de! los! probióticos! es!muy!limitado! en! el! tratamiento! periodontal,! es! fundamental! que! se! empleen! como!coadyuvante! al! RAR,! al! igual! que! con! los! antimicrobianos! sistémicos! y! locales!(Teughels! et! al.,! 2011).! En! este! contexto,! en! los! últimos! años! se! están! llevando! a!cabo! ensayos! clínicos! bien! diseñados,! que! están! encontrando! resultados!heterogéneos,!con!beneficios!clínicos!y!microbiológicos!a!favor!del!uso!coadyuvante!del! probiótico! después! de! un! año! del! tratamiento! (Tekce! et! al.,! 2015),! o! sin!diferencias!entre!los!grupos!después!de!6!meses!(Laleman!et!al.,!2015).!!






*En!la!actualidad,!se!están!desarrollando!y!apareciendo!en!el!mercado!nuevas!tecnologías!como!alternativas!al!RAR!con! instrumentos!manuales!o! automáticos!para!el! tratamiento!de!la!periodontitis!crónica.!De!entre!estas!nuevas!tecnologías,!los!láseres!son!los!que!más!se!han!estudiado!en!el!campo!de!la!Periodoncia.!!!Aunque!existen!en!el!mercado!más!de!1000!tipos!de!láseres,!muy!pocos!se!han!empleado!en!Odontología.!Dependiendo!del!medio!y!de!la!configuración!óptica,!cada!láser!va!a!tener!unas!propiedades!físicas!y!biológicas!diferentes.!A!su!vez,!cada!láser!va!a!tener!un!efecto!distinto!en!los!tejidos!duros!y!blandos!en!función!de!la!longitud!de!onda!y!de!la!potencia!de!emisión!de!la!luz!(Cobb,!2006).!De!este!modo,!se!ha!propuesto!el!uso!de!los!láseres!en!Periodoncia!por!sus!propiedades!antimicrobianas,!físicas!y!de!ablación.!!!Dentro!de!los!distintos!tipos!de!láseres!que!se!emplean!en!Periodoncia!podemos!destacar!cuatro!grandes!grupos:!! a) Láseres! de! baja! potencia.! No! tienen! capacidad! de! ablación,! ni! de! tejidos! duros! ni!blandos,! y! su! beneficio! terapéutico! se! basa! en! la! bioPestimulación,! reduciendo! la!inflamación!y!favoreciendo!el!proceso!de!reparación!de!los!tejidos.!Sin!embargo,!esta!tecnología! no! ha! mostrado! ninguna! eficacia! en! el! tratamiento! de! la! periodontitis!(Aykol!et!al.,!2011).!!b) Terapia! fotodinámica.!Se!ha!propuesto!como!una! terapia!antimicrobiana!y! se!basa!en! el! uso! de! un! agente! fotoPsensibilizante! que,! tras! absorber! luz,! se! convierte! en!bactericida! (Pinheiro! et! al.,! 2010).! Este! agente! se! activa! con! una! luz! con! una!determinada! longitud! de! onda! y! libera! radicales! libres! de! oxígeno! que! se! vuelven!citotóxicos! frente! a! los!microorganismos! (Soukos! y! Goodson,! 2011).! Sin! embargo,!esta! tecnología! no! tiene! la! capacidad! de! desbridar!mecánicamente! el! biofilm! ni! el!cálculo,! por! lo! que! no! se! puede! considerar! como! una! alternativa! al! RAR,! pero! sí!como! coadyuvante.! Una! reciente! revisión! sistemática! ha! mostrado! como! el! uso!coadyuvante!de! la!terapia! fotodinámica!puede!obtener!un!beneficio!añadido!en! las!variables!clínicas!a!corto!plaza!(hasta!los!3!meses),!pero!éste!se!pierde!a!partir!de!los!6!meses!(Sgolastra!et!al.,!2013).!!
Tesis!Doctoral!Ignacio!Sanz!Sánchez!
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c) Láseres! de! tejidos! blandos.! Tienen! capacidad! de! ablación! de! los! tejidos! blandos,!pero!no!de!los!duros.!Su!uso!en!Periodoncia!se!basa!en!su!capacidad!de!evaporar!el!tejido!de!granulación!y!en!conseguir!un!efecto! fotoPtérmico!que!es!bactericida.!Sin!embargo,!no!tienen!capacidad!de!desbridar!el!biofilm!y!el!cálculo,!por!lo!que!deben!emplearse! como! coadyuvantes! a! otra! modalidad! de! RAR.! Los! principales! láseres!empleados! en! Periodoncia! dentro! de! este! grupo! son! el! neodimio:! itrioPaluminioPgranate! (Nd:YAG),! el! de! dióxido! de! carbono! (CO2)! y! los! de! diodo.! Aunque! estos!láseres! han! mostrado! una! mejoría! significativa! en! las! variables! clínicas! y!microbiológicas! en!pacientes! con!periodontitis! (Cobb,! 2006;! Ishikawa! et! al.,! 2009;!Slot!et!al.,!2009),!cuando!se!usan!directamente!sobre!la!superficie!radicular!para!la!eliminación!de!cálculo!pueden!causar!un!sobrecalentamiento!y!producir!daño!en!la!raíz!(Israel!et!al.,!1997).!!d) Láseres!de!tejidos!blandos!y!duros.!Dentro!del!campo!de!la!Odontología,!los!láseres!de!Erbio!son! los!que!han!mostrado! tener!una!buena!absorción!por! tejidos!duros!y!blandos,!induciendo!un!efecto!de!fotoPablación!y!fotoPtérmico!(Sculean!et!al.!2004).!Dentro! de! este! grupo! hay! que! destacar! el! laser! de! erbio,! cromio:! ytrioPescandioPgalioPgranate!(Er,Cr:YSGG)!y!el!de!erbio:!itrioPaluminioPgranate!(Er:YAG).!*!
El'láser'de'Er:YAG'en'el'tratamiento'periodontal!El! láser! de! Er:YAG! es! el! que! más! se! ha! evaluado! en! el! tratamiento! periodontal! no!quirúrgico!por!sus!propiedades!físicas!singulares.!!Tiene!una!máxima!emisión!en!el!rango!infraProjo!de!2940!nm,!que!coincide!con!el!pico!de!máxima!absorción!del!agua,! lo!que! le!permite!actuar!tanto!en!tejidos!blandos!como!duros,!incluyendo!esmalte,!dentina!y!cálculo!subgingival.! Además,! los! estudios! in! vitro! han! mostrado! que! es! capaz! de! eliminar! el!biofilm! y! el! cálculo! subgingival! sin! dañar! la! superficie! radicular! (Schwarz! et! al.,! 2006;!Herrero!et!al.,!2010).!También!puede!incluir!un!sistema!de!retroalimentación!(“feedback”),!que! consiste! en! la! incorporación! de! un! láser! de! diodo! no! ablativo! que! permite,! por!fluorescencia,! detectar! el! cálculo! subgingival! y! activar! el! láser! de! emisión! (Er:YAG)!(Derdilopoulou!et!al.,!2007).!Dependiendo!de!la!activación!de!este!sistema!“feedback”!y!del!ajuste!del!umbral!de!detección,! se!puede!esperar!una!distinta! respuesta!del! tratamiento!(Krause!et!al.,!2007).*
*El!posible!efecto!beneficioso!del!Er:YAG!podría!deberse!a!una!acción!directa!bactericida!o!a! un! efecto! físico! en! los! tejidos.! Sin! embargo,! los! posibles! efectos! antimicrobianos! son!controvertidos,! ya! que! el! láser! ha! mostrado! un! efecto! bactericida! in! vitro! (Ando! et! al.,!
Introducción!
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*Las!periodontitis! son!patologías!muy!prevalentes!en!el! ser!humano,!especialmente!en! la!edad! adulta,! y! pueden! causar! una! alta! morbilidad! desde! el! punto! de! vista! funcional!(movilidad,! pérdida! dentaria)! y! estético,! a! nivel! bucodental,! y! también! pueden! tener!consecuencias! a! nivel! sistémico! (enfermedades! cardiovasculares,! diabetes,! resultados!adversos!del!embarazo…).!!El! tratamiento!no!quirúrgico!mediante!RAR!ha!mostrado!una!adecuada!eficacia!clínica!y!ser!capaz!de!controlar!la!mayor!parte!de!las!periodontitis!crónicas!iniciales!y!moderadas!(formas!más!prevalentes!de!la!enfermedad).!Sin!embargo,! las!técnicas!convencionales!de!RAR! con! instrumentos!manuales! o! automáticos! ha!mostrado! tener! ciertas! limitaciones,!especialmente! en! las! formas! severas! de! la! enfermedad! y! en! situaciones! anatómicas! de!difícil!acceso!como!son!los!defectos!intraPóseos!o!las!lesiones!de!furca.!!Con! el! fin! de! tratar! de! solventar! estas! limitaciones,! tratando! de!mejorar! los! resultados!clínicos!y!microbiológicos,!y!también!los!resultados!en!cuanto!a!las!variables!relacionadas!con! el! paciente,! surgen! modificaciones! de! las! técnicas! convencionales! (mejoras! en! el!instrumental! manual! y! automático! ya! existentes),! tratamientos! coadyuvantes,! nuevas!estrategias!y!desarrollo!de!nuevas!tecnologías,!aunque!entre!estas!últimas!pocas!han!sido!correctamente! evaluadas! con! estudios! de! calidad.! En! concreto,! dentro! del! desarrollo! de!nuevas!tecnologías,!se!ha!prestado!especial!atención!al!uso!del!láser!y,!entre!ellos,!al!láser!de! Er:YAG,! que! es! la! alternativa! al! RAR! convencional! que! más! se! ha! evaluado! en! la!literatura! sobre! el! desarrollo! de! nuevas! tecnologías,! tanto! como! monoPterapia! como!coadyuvante,!con!resultados!contradictorios.!Sin!embargo,!el!láser!de!Er:YAG!nunca!se!ha!evaluado! al! emplearse! una! semana! después! de! una! sesión! de! ultrasonidos! de! la! boca!completa!en!las!localizaciones!con!una!afectación!periodontal!inicial!mayor!(PS≥!4,5!mm).!La!hipótesis!de!este!protocolo!se!basa!en!tratar!de!disminuir!la!inflamación!y!el!sangrado!dentro! de! las! bolsas! más! profundas,! donde! el! RAR! convencional! puede! presentar! más!limitaciones,! para! optimizar! las! propiedades! ópticas! de! la! luz! del! láser! y! conseguir! una!mejor!absorción!por!parte!del!biofilm!y!del!cálculo,!mejorando!la!ablación!de!los!mismos.!!La!limitación!en!la!información!disponible!sobre!la!eficacia!de!las!nuevas!tecnologías!para!realizar!el!RAR!que!aparecen!en!el!mercado!y!la!controversia!que!existe!sobre!el!uso!de!los!láseres,! justifican! el! interés! de! este! trabajo.! Por! un! lado! se! pretende! actualizar! la!
Justificación!
! 25!













*Actualizar! la! evidencia! científica,! basada! en! la! publicación! de! ensayos! clínicos!aleatorizados! entre! enero! ! del! 2010! y!marzo! del! 2012,! sobre! los! avances! en! la! terapia!periodontal!no!quirúrgica!en! términos!de!modificaciones!de! la! terapia! convencional! con!instrumentos! manuales! o! automáticos! (como! ultrasonidos)! y! en! los! protocolos! de!tratamiento,!así!como!en!las!nuevas!tecnologías!(Estudio!1).!
!Evaluar!la!eficacia!clínica!de!un!nuevo!protocolo!de!tratamiento!de!RAR!que!combina!una!sesión!de!ultrasonidos!a!boca!completa!con!el!láser!de!Er:YAG,!una!semana!después,!en!las!bolsas! periodontales! inicialmente! profundas! (PS≥! 4,5! mm),! en! comparación! al! RAR!convencional,!en!dos!sesiones!con!ultrasonidos!separadas!una!semana!(Estudio!2).!





*La!descripción!detallada!del!material!y!métodos,!así!como!los!resultados!de!este!trabajo!de!investigación! han! sido! publicados! como! artículos! científicos! en! tres! publicaciones!independientes!con!las!siguientes!referencias:!!
1.* Sanz! I.,!Alonso!B.,!Carasol!M.,!Herrera!D.,! Sanz!M.! (2012)!Nonsurgical! treatment!of!periodontitis.!Journal!of!Evidence!Based!Dental!Practice!12!(S1):!76P86.!
!
2.!SanzPSánchez!I.,!OrtizPVigón!A.,!Matos!R.,!Herrera!D.,!Sanz!M.!(2015a)!Clinical!efficacy!of! subgingival! debridement! with! adjunctive! erbium:! yttriumPaluminumPgarnet! laser!treatment!in!patients!with!chronic!periodontitis:!a!randomised!clinical!trial.!Journal!of!
Periodontology!86:!527P535.!
!
3.* SanzPSánchez! I.,!OrtizPVigón!A.,!Herrera!D.,!Sanz!M.! (2015b)!Microbiological!effects!and! recolonisation! patterns! after! adjunctive! subgingival! debridement! with! Er:YAG!laser.!Clinical!Oral!Investigations!DOI:!10.1007/s00784P015P1617Py.!!!!!!!!!!!!!!! !
Material!y!Métodos.!Resultados!
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ARTÍCULO*1:*Sanz! I.,! Alonso! B.,! Carasol! M.,! Herrera! D.,! Sanz! M.! (2012)! Nonsurgical! treatment! of!periodontitis.!Journal!of!Evidence!Based!Dental!Practice!12!(S1):!76P86.!!
Tratamiento*no*quirúrgico*de*la*periodontitis*!
Objetivo:! Actualizar! la! evidencia! científica! basada! en! la! publicación! de! ensayos! clínicos!aleatorizados!sobre!los!avances!en!las!terapia!periodontal!no!quirúrgica.*
Material* y* métodos:* Se! seleccionaron! en!Medline! y! se! analizaron! de! forma! crítica! los!ensayos!clínicos!aleatorizados!(ECA)!publicados!entre!enero!del!2010!y!marzo!del!2012.!Se!emplearon!las!revisiones!sistemáticas!publicadas!previamente!como!punto!de!partida.!Se! evaluaron! de! manera! independiente! tres! apartados:! las! modificaciones! en! los!instrumentos!convencionales,!la!aparición!de!nuevas!tecnologías!y!el!desarrollo!de!nuevos!protocolos!de!tratamiento.!
Resultados:*Se!seleccionaron!25!publicaciones:!4!relacionadas!con!las!modificaciones!de!las! terapias! convencionales! (nuevos! diseños! de! puntas! de! ultrasonidos! y! anestésicos!locales),!17!con!las!nuevas!tecnologías!(nuevos!sistemas!de!ultrasonidos,!sistemas!de!aire!abrasivo,!endoscopia!y!láseres),!y!4!con!los!nuevos!protocolos!de!tratamiento.!
Conclusiones:* Los! avances! tecnológicos! y! el! desarrollo! de! nuevos! protocolos! de!tratamiento! pueden!mejorar! las! variables! relacionadas! con! el! paciente! y! el! ratio! costePbeneficio,! aunque!no!han!mostrado!una!diferencia! significativa! en! su! eficacia! cuando! se!compara!con!el!raspado!y!alisado!radicular!convencional.!
*!!!!!!!!!!!!!
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ABSTRACT
Context. Scaling and root planing (SRP) is the gold standard treatment for most 
patients with chronic periodontitis. Nevertheless, in the last years, different thera-
peutic strategies have been proposed to improve the results of SRP and hence 
to avoid the need of periodontal surgical interventions in some patients with ad-
ZERGIHTIVMSHSRXMXMW8LI]EVIFEWIHSRQSHM½GEXMSRWSJWXERHEVHXLIVETMIWWYGL
as enhancement of instrument tip designs), on development of new technologies 
(such as lasers), or development of alternative treatment protocols (eg, full-mouth 
HMWMRJIGXMSR8LITYVTSWISJXLMWVIZMI[MWXLIVIJSVIXSYTHEXIXLIWGMIRXM½GIZM-
dence based on randomized clinical trials (RCT) evaluating these advanced nonsur-
gical therapies that have been published between January 2010 and March 2012.
Evidence Acquisition. RCTs published between January 2010 and March 2012 
have been selected. Previous systematic reviews were used as a start point. Three 
HMWXMRGX EWTIGXW[IVI IZEPYEXIH MRHITIRHIRXP] XLIQSHM½GEXMSRSJ GSRZIRXMSREP
instruments, the advent of new technologies, and the development of new treat-
ment protocols.  
Evidence Synthesis. Twenty-two publications were selected: 4 were related to 
QSHM½GEXMSRWSJWXERHEVHXLIVETMIWRI[XMTHIWMKRWERHPSGEPERIWXLIXMGWXS
new technologies (new ultrasonic devices, air abrasive systems, endoscope and 
lasers), and 4 to new treatment protocols.
Conclusions. These technological advances and the development of new protocols 
may improve patient-related outcomes and cost-effectiveness, although they have 
RSXWLS[RWMKRM½GERXHMJJIVIRGIWMRIJ½GEG][LIRGSQTEVIH[MXLGSRZIRXMSREP764
INTRODUCTION
The primary goal of periodontal therapy is to preserve the natural dentition, by EVVIWXMRKXLIGLVSRMGMR¾EQQEXSV]TVSGIWWXLEXVIWYPXWMRPSWWSJTIVMSHSRXEP
attachment and alveolar bone and formation of periodontal pockets. The current 
understanding on the etiology and pathogenesis of periodontitis acknowledges 
that this disease is the result of a complex interplay of bacterial aggression and 
LSWXVIWTSRWIQSHM½IHF]FILEZMSVEPERHW]WXIQMGVMWOJEGXSVW8LITEXLSKIRWEVI
SVKERM^IHMRGSQQYRMXMIWFMS½PQWEHLIVIHXSXLIVSSXWYVJEGIMRXLIWYFKMRKMZEP
environment, which are usually resistant to both the natural antibacterial defense 
mechanisms present in the oral cavity and to any chemical antibacterial medica-
tion.13RP] XLIVETMIW EGLMIZMRK XLIQIGLERMGEP HMWVYTXMSRSJ WYFKMRKMZEP FMS½PQW
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development of alternative treatment protocols (eg, full-
mouth disinfection). The purpose of this review is, therefore, 
XSYTHEXIXLIWGMIRXM½GIZMHIRGIFEWIHSRVERHSQM^IHGPMRM-
cal trials (RCTs) evaluating these advanced nonsurgical thera-
pies that have been published between January 2010 and 
March 2012.
MODIFICATION OF STANDARD THERAPIES
Traditionally, SRP has been performed with curettes, which 
LEZIFIIRQSHM½IHF]GLERKMRKXLIWLETISJXLIMRWXVYQIRX
or the active tip (eg, After Five and Mini-Five curettes) to 
STXMQM^IXLIMVMRWXVYQIRXEXMSRIJ½GEG]MREVIEWSJHMJ½GYPXEG-
cess.13 Similarly, power-driven instrument devices using sonic 
or ultrasonic technologies have improved their outcome 
TIVJSVQERGIERHQSHM½IHXLIMVETTPMGEXMSRXMTWWSEWXSMQ-
prove their capacity of subgingival plaque and calculus re-
moval. Moreover, these devices have incorporated irrigation 
W]WXIQWXSMRGVIEWIXLIMVIJ½GEG]F]XLIEHNYRGXMZIEGXMZMX]SJ
antimicrobials (chlorhexidine, saline, or hydrogen peroxide). 
-REHHMXMSRQSHM½GEXMSRWSJXVEHMXMSREPETTVSEGLIWLEZIEPWS
aimed to improve patient-based variables.
8LIWIEVGLSJ6'8WIZEPYEXMRKXLIWIQSHM½GEXMSRWVIRHIVIH
4 studies that have used split-mouth designs. Their results are 
summarized in Tables 1 and 2. One study evaluated the short 
and intermediate outcomes of performing SRP with different 
ultrasonic tip inserts.14 The use of new thin ultrasonic tips was 
not associated with improved clinical outcomes 3 months 
after treatment and resulted in short term CAL loss. In an-
other study, the evaluation of modern power-driven devices 
resulted in less pain and vibration sensation after scaling with 
a piezoelectric when compared with a conventional magne-
tostrictive ultrasonic device.15 The other 2 RCTs tested dif-
ferent anesthetic techniques during SRP procedures: Chung 
et al16 compared scaling with an ultrasonic device or cu-
rettes, with and without the use of a nonpunctured lidocaine 
have proven successful and, hence, periodontal health can be 
maintained only provided there is adequate plaque control 
by the patient and frequent professional prophylaxis.2
Mechanical root debridement is the cornerstone of cause-
related periodontal therapy and it is aimed at removal of sub-
KMRKMZEPFMS½PQERHGEPGYPYW[LMGLXSKIXLIV[MXLXLITEXMIRX´W
oral hygiene practices will prevent bacterial recolonization 
ERHJSVQEXMSRSJWYTVEKMRKMZEPFMS½PQW8LMWHIFVMHIQIRXMW
usually carried out with hand instruments (curettes and scal-
ers) and staged in different sessions (by quadrants or sex-
tants). This conventional protocol is termed scaling and root 
planning (SRP) and it has proven to be the gold standard 
of periodontal therapy for most patients with chronic peri-
SHSRXMXMW-XWIJ½GEG]MW[IPPHSGYQIRXIHMRW]WXIQEXMG3-5 and 
narrative reviews6-8 by the demonstration of gains in clini-
cal attachment levels (CAL), reductions in probing pocket 
depths (PPD), and in the frequency of bleeding on prob-
MRK &34 764 MW EFPI XS WMKRM½GERXP] MQTVSZI'%0 PIZIPW
between 0.55 and 1.29 mm and to reduce PPD between 
1.29 and 2.16 mm, these results being mostly dependent on 
the extent and severity of disease.2 These results are, how-
ever, not dependent on the mode of debridement, as power-
driven instrumentation has demonstrated similar outcomes 
when compared with hand instrumentation.9,10 The results 
are dependent rather on the presence of local factors, such 
as deep and tortuous pockets, furcations, and angular bony 
lesions, which may limit the reach of nonsurgical debride-
ment,11EW[IPPEWSRTEXMIRX´WVIPEXIHJEGXSVWWYGLEWXSFEGGS
smoking and the compliance with plaque control.12 
In the past years different therapeutic strategies have been 
proposed to improve the results of SRP and hence to avoid 
the need of periodontal surgical interventions. These ad-
HMXMSREP XLIVETMIW EVI FEWIH SR QSHM½GEXMSRW SJ WXERHEVH
therapies (such as enhancement of instrument tip designs), 
on development of new technologies (such as lasers), or 
TABLE 1. Study design of publications on conventional SRP
1st author Year Country R½REP Design Duration Test Control
Casarin 2010 Brazil 15 (15) Split-mouth 2 mo PP & OHI; US scaler 
thin tip
PP & OHI; US scaler 
conventional tip




Chung 2011 Korea 40 (40) Split-mouth 1 d SRP (US) with or 
without EMLA
SRP (curettes) with 
or without EMLA
Pandit 2010 India 25 (25) Split-mouth 0 d Test 1: SRP (curettes) 
+ EMLA
Test 2: SRP(curettes) 
+ lignocaine patch
Test 3: SRP (cu-
rettes)+ EDA
EDA, electronic dental anesthesia; EMLA, Eutectic mixture of local anesthesia; OHI, oral hygiene instructions; PP, professional prophylaxis; SRP, scaling and 
root planing; US, ultrasonic device. 
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of the working tip to the tooth surface. The intended pur-
pose is to provide a less painful treatment with greater PPD 
reductions and CAL gains when compared with convention-
al SRP. The clinical evidence, however, does not substantiate 
these claims and, on the contrary, Slot et al18 demonstrated 
that the Vector system obtained comparable clinical and mi-
crobiological results when compared with SRP either with 
hand instruments or with power-driven devices in moder-
ately deep pockets. However, more time was needed for 
achieving similar outcomes with the Vector system. Similar 
results were reported by Guentsch and Preshaw,19 showing 
XLEXXLI:IGXSVW]WXIQ[EWPIWWIJ½GMIRX[LIRVIQSZMRKPEVKI
masses of calculus.
PerioScan (Sirona, Bensheim, Germany) is an ultrasonic de-
vice that provides a detection mode to discriminate between 
calculus deposits and smooth clean roots, using both a visual 
and an acoustical signal. It has shown to have a positive pre-
dictive value of 0.59 for detecting calculus and a negative 
predictive value of 0.97 in the presence of clean root sur-
faces.20 There are, however, no controlled studies evaluating 
XLIIJ½GEG]SJXLMWHIZMGI[MXLGSRZIRXMSREP764
Air Abrasive Systems
Standard powdered air abrasive systems are based on the 
air-spray of sodium bicarbonate. They are used for polishing 
and removing tooth stains, but cannot be used for root in-
strumentation because they cause hard and soft tissue dam-
age owing to their high abrasiveness.21 Recently, a powered 
air abrasive system based on a low-abrasive amino acid gly-
GMRITS[HIVLEWHIQSRWXVEXIHXSIJJIGXMZIP]VIQSZIFMS½PQ
from the root surface without damaging the hard and soft 
tissues.22 Two recent comparative studies have evaluated the 
IJ½GEG]SJ XLMW EMV EFVEWMZIKP]GMRI W]WXIQ[LIRGSQTEVIH
[MXLWXERHEVH7648LI½VWXWXYH]IZEPYEXIHXLIWLSVXXIVQ
IJ½GEG]HE]WSJKP]GMRITS[HIVEMVWTVE]MRVIWMHYEPTSGO-
ets of patients in supportive periodontal therapy (SPT), when 
GSQTEVIH[MXL764[MXLGYVIXXIW2SWMKRM½GERXHMJJIVIRGIW
were detected in either clinical or microbiological outcome 
variables, although patients preferred the glycine treatment 
anesthetic (eutectic mixture of local anesthetics [EMLA]), and 
TEXMIRXWWMKRM½GERXP]I\TIVMIRGIHPIWWTEMR[LIRYWMRK)10%
and the ultrasonic device. Pandit et al17 compared 3 differ-
ent types of topical anesthesia when performing SRP with 
curettes, and EMLA also resulted in the least perception of 
pain by the patients.
-RWYQQEV]QSWXSJXLIXIWXIHQSHM½GEXMSRWLEZIRSXVIR-
HIVIHWMKRM½GERXFIRI½XWMRGPMRMGEPSYXGSQIWEPXLSYKLQSH-
ern piezoelectric ultrasonic devices and the use of EMLA 
seem to improve patient-related outcomes, since patients 
experienced less pain and discomfort when compared with 
standard modes of instrumentation. These results, however, 
are derived from few studies with small samples. There is 
a need for RCTs with adequate samples and designs, and 
adhesion to the Consolidated Standards of Reporting Trials 
'327368KYMHIPMRIWMRSVHIVXSXVYP]EWWIWWXLIFIRI½XW
of these enhancements in periodontal instrumentation de-
vices and techniques. 
NEW TECHNOLOGIES 
New technologies are being developed with the aim of out-
performing the classical hand- and power-driven root instru-
mentation systems in the nonsurgical treatment of chronic 
periodontitis. 
1SHM½IH9PXVEWSRMG7]WXIQW
8[S QSHM½IH YPXVEWSRMG MRWXVYQIRXEXMSR W]WXIQW :IGXSV
and PerioScan) have been released to effectively remove 
subgingival plaque and calculus and at the same time avoid 
some of the side effects of standard power-driven devices, 
such as dentinal hypersensitivity, thermal changes leading to 
pulp symptomatology, changes in the marginal gingival tissue, 
transmission of infections via aerosol, acoustic lesions, and 
possible effects on cardiac pacemakers.
The Vector system (Dürr Dental, Bietigheim-Bissingen, Ger-
QER]MWEQSHM½GEXMSRSJEGSRZIRXMSREPYPXVEWSRMGHIZMGI
where the horizontal vibration is converted by a resonating 
ring into a vertical vibration, resulting in a parallel movement 
8%&0)1EMR½RHMRKWSJTYFPMGEXMSRWSRGSRZIRXMSREP764
1st author Year Clinical variables Main conclusion
Casarin 2010 RAL, RGP, PD, ICAL ,MKLIVMQQIHMEXIGPMRMGEPEXXEGLQIRXPSWWMR¾MGXIHF]XLMR
ultrasonic tips during instrumentation, but it did not affect the 
clinical response to the nonsurgical treatment.
Muhney 2010 Level of discomfort (pain), vibration and 
noise (VAS)
The patients prefer instrumentation with the piezoelectric as it 
relates to awareness of associated discomfort and vibration.
Chung 2011 Pain levels (VAS & VRS) %WMKRM½GERXVIHYGXMSRSJTEMRMWEGLMIZIH
by using EMLA cream and US.
Pandit 2010 Pain levels (VAS & VRS) EMLA and lignocaine patch are more effective than EDA and 
comparable.
ICAL, immediate clinical attachment loss; PD, probing depth; RAL, relative attachment level; RGP, relative gingival position; SRP, scaling and root planing; VAS, 
visual analog scale; VRS, verbal rating scale; US, ultrasonic device.
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laser has different physical or biological properties.26 The 
use of lasers has been proposed in the treatment of peri-
odontitis owing to their anti-infective, physical, and ablation 
properties.27,28




treatment of periodontitis. 
Photodynamic therapy has been proposed as an anti-infective 
therapy based on the property of a photosensitizer agent of 
absorbing light and thus becoming bactericidal.30 This agent 
is activated by light with the proper wavelength, transform-
ing oxygen to singlet oxygen and releasing free radicals that 
are cytotoxic to microorganisms.31 This technology, however, 
does not have any capability to mechanically debride and, 
therefore, to remove plaque and calculus, which implies that 




The second study also compared the use of powered gly-
cine air versus SRP with an ultrasonic device in patients with 
residual pockets in SPT, but evaluated the outcomes at 5 
months.24 7MQMPEVP] RS WMKRM½GERX HMJJIVIRGIW FIX[IIRFSXL
modes of therapy were observed in clinical and microbiologi-
cal outcome variables.
)RHSWGSTMG8IGLRSPSK]
Fiberoptic endoscopic technology has been introduced in 
periodontal instrumentation devices with the goal of mag-
nifying (×24–48) the interior of the periodontal pocket and 
XLYWEPPS[MRK XLI MHIRXM½GEXMSRERH XVIEXQIRXSJ VIQEMRMRK
calculus deposits. Only 1 RCT has investigated the additional 
FIRI½GMEP IJJIGXW SJ YWMRK XLMW ½FIVSTXMG XIGLRSPSK] [LIR
performing SRP25ERHRSWMKRM½GERXHMJJIVIRGIW[IVIVITSVX-
ed in PPD reductions between SRP alone and endoscope-
aided SRP.
Lasers
Although there are more than 1000 types of laser devices, 
few have been used in dentistry. Depending on the laser me-
HMYQ ERHSR XLI GSR½KYVEXMSR SJ XLI STXMGEP HIZMGI IEGL
TABLE 3. Study design of publications on lasers
1st author Year Country R½REP Design Duration Test Control
Aykol 2011 Turkey 36 (36) Parallel 6 mo SRP + LLLT 808 nm 
(1, 2, and 7 d)
SRP
Braun 2010 Germany 40 (40) SM 3 mo Er:YAG Sonic scaler
Cappuyns 2011 Switzerland 32 (29) SM 6 mo Test 1: PDT
Test 2: Diode 
(810 nm)
SRP
De Micheli 2010 Brazil 28 (27) SM 6 wk SRP + Diode 810 nm 
(1 & 7 d)
SRP
Eltas 2011 Turkey 20 (20) SM 9 mo SRP + Nd:YAG SRP
Gómez 2010 Spain 30 (NR) Parallel 8 wk SRP + Nd:YAG SRP
Kelbauskiene 2011 Lithuania 30 (NR) SM 12 mo SRP + Er,Cr:YSGG SRP




Lopes 2010 Brazil 21 (19) SM 12 mo Test 1: SRP+
Er:YAG
Test 2: Er :YAG
Control 1: SRP
Control 2: None





Qadri 2010b Sweden 30 (30) SM 3 mo SRP + Nd:YAG SRP
Romeo 2010 Italy 15 (NR) SM 6 wk Test 1: KTP + SRP + 
CHX
Test 2: KTP + SRP
C1: SRP+CHX
C2: SRP+POV
Rotundo 2010 Italy 27 (26) SM 6 mo Test 1: SRP + Er :YAG
Test 2: Er :YAG
Control 1: SRP
Control 2: SUPRA
Slot 2011 The Netherlands 19 (19) SM 3 mo SRP + Nd:YAG SRP
CHX, chlorhexidine gel 0.5%; KTP, potassium-titanyl-phosphate laser ; LLLT, low-level laser therapy; NR, not reported; PDT, photodynamic therapy; POV, 
povidone-iodine; SM, split mouth; SRP, scaling and root planing; SUPRA, supragingival scaling; T1 and T2, Test 1 and Test 2..
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removal they can cause excessive heat and result in root dam-
age,39 although with CO2 lasers, these negative effects can be 
avoided when irradiating in a pulsed mode with a de-focused 
beam.40%VIGIRXW]WXIQEXMGVIZMI[LEWWLS[RRSFIRI½GMEP
effect on the use of pulsed Nd:YAG lasers when compared 
with conventional therapy during the initial treatment of pa-
XMIRXW[MXLTIVMSHSRXMXMWRIMXLIVEWEHNYRGXMZIRSVEWQSRS
therapy.38 Similarly, 2 other systematic reviews, evaluating the 
IJ½GEG]SJHMJJIVIRXX]TIWSJPEWIVWMRRSRWYVKMGEPTIVMSHSRXEP
XLIVET] LEZI WLS[R RS GPMRMGEP SVQMGVSFMSPSKMGEP FIRI½XW
with the use of Nd:YAG laser, either as monotherapy, or as an 
EHNYRGXXS76441,42 In the past 2 years, 5 studies have evaluat-
IHXLIIJ½GEG]SJ2H=%+PEWIV[LIRYWIHEWEHNYRGXMZIXS
hand or power instrumentation  in the treatment of patients 
with chronic periodontitis.43-47 All the studies, except one,43 
IZEPYEXIHGPMRMGEPSYXGSQIWERHMR¾EQQEXSV]QEVOIVWMRKMR-
KMZEPGVIZMGYPEV¾YMHHYVMRKTIVMSHWVERKMRKFIX[IIR[IIOW
Ablative lasers have been used in dentistry for both soft or 
hard tissue applications. In periodontal therapy, the follow-
ing lasers with hard tissue ablation capability have been used 
and tested: semiconductor diode lasers, Er :YAG (erbium 
doped:yttrium, aluminium, and garnet), Nd:YAG (neodymium 
doped:yttrium, aluminium, and garnet), CO2 (carbon dioxide 
laser), and Er, Cr:YSGG (erbium, chromium doped:yttrium, 
scandium, gallium, garnet).28,32-37 Since 2010, 14 published 
6'8W LEZI FIIR MHIRXM½IH GSQTEVMRK PEWIVW[MXL GSRZIR-
tional periodontal therapy, with all except one29 using a 
split-mouth design and with follow-up evaluations ranging 
between 6 weeks and 12 months. Tables 3 and 4 summarize 
XLIMVWXYH]HIWMKRERHQEMR½RHMRKW
Although diode, Nd:YAG,  and CO2 lasers have shown sig-
RM½GERXMQTVSZIQIRXWMRGPMRMGEPSYXGSQIWERHVIHYGXMSRW38 
in subgingival microbial populations in patients with peri-
odontitis,26,35 when used directly on root surfaces for calculus 
8%&0)1EMR½RHMRKWSJTYFPMGEXMSRWSRPEWIVW
1st author Year Clinical variables Main conclusion
Aykol 2011 GCF markers, SBI, PPD, CAL The LLLT group showed SSD better clinical outcomes. No 
SSD could be seen for the marker levels in GCF
Braun 2010 7YFNIGXMZIMRXIRWMX]SJTEMR&34 *SVVIWMHYEPTSGOIXWXLI)V =%+HIQSRWXVEXIHPIWWWYFNIG-
tive pain than the sonic scaler, with no SSD for BOP
Cappuyns 2011 PPD, BOP, Recession, pain perception, 
microbiology (RNA probes)
PDT and SRP suppressed the microorganisms stronger and 
resulted in fewer persisting pockets than the diode group
De Micheli 2010 CAL, PPD, BOP, PI, microbiology (culture) CAL gain and PPD reduction were greater in the control 
group
Eltas 2011 2011 CAL, PPD, GI, PI, GCF markers SRP + Nd:YAG was more effective in reducing PPD, CAL, GI, 
and GCF markers
Gómez 2010 PPD, BOP, PI, GCF markers, microbiology 
(culture)
No SSD were found for any of the clinical or microbiological 
outcomes. IL-1ß and TNF-B were lower in the test group
Kelbauskiene 2011 PPD, BOP, PI, CAL, Recession PPD reduction, CAL gain and BOP reduction were greater in 
the test group
Jin 2010 PPD, CAL, PI, SBI, patient perception (VAS) No SSD were found between groups for any of the clinical 
outcomes. Less discomfort and treatment time in the test
Lopes 2010 PPD, CAL, Recession, GI, BOP, PI, Microbi-
ology (PCR)
Test 1 and Control 1 showed a higher reduction for the GI. 
8IWXERH8IWXTVIWIRXIHEWMKRM½GERXVIHYGXMSRMRXLI	SJ
sites with bacteria
Qadri 2010 PPD, PI, GI, BL(x-rays), GCF volume PI, GI, PPD, BL, and GCF volume were lower in the test group
Qadri 2010b PPD, GI, PI, and GCF markers PPD, GI, PI, GCF markers, and GCF volume were lower in the 
test group
Romeo 2010 PI, BOP, PPD, CAL Test 1 and Control 2 showed a greater CAL gain and PPD 
reduction
Rotundo 2010 PPD, CAL, PI, Recession, BOP, patient 
perception (VAS)
Combining SRP with Er :YAG did not obtain better  results 
than SRP alone. Er :YAG alone obtained similar results than 
SUPRA
Slot 2011 PPD, PI, BOP, patient perception (VAS), 
microbiology (culture)
No SSD were found between groups for any of the clinical 
or microbiological outcomes
&0FSRIPIZIPW&34FPIIHMRKSRTVSFMRK'%0GPMRMGEPEXXEGLQIRXPIZIP+'*KMRKMZEPGVIZMGYPEV¾YMH+-KMRKMZEPMRHI\-0MRXIVPIYOMR0008PS[PIZIPPEWIV
therapy; PCR, polymerase chain reaction; PI, plaque index; PPD, probing pocket depths; SBI, sulcular bleeding index; SRP, scaling and root planing; SSD, 
WXEXMWXMGEPP]WMKRM½GERXHMJJIVIRGIW7946%WYTVEKMRKMZEPWGEPMRK8ERH82*XYQSVRIGVSWMWJEGXSV:%7ZMWYEPEREPSKWGEPI
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was compared with a sonic scaler in the treatment of residual 
pockets by evaluating  changes in BOP and patient-related 
outcomes. No differences between groups were found in 
terms of BOP reductions, although patients referred less pain 
with the use of the Er :YAG laser.53 The other 2 studies54,55 
GSQTEVIH XLI GPMRMGEP IJ½GEG] SJ YWMRK )V =%+ PEWIV EPSRI
with SRP alone, or the combination of both, using as a nega-
tive control the supragingival debridement or the absence of 
treatment. The combination of Er :YAG with SRP did not ren-
der better clinical results than SRP alone, although this com-
FMREXMSR[EWWMKRM½GERXP]FIXXIVXLERYWMRK)V =%+EPSRI54,55 
Er, Cr:YSGG lasers improve hard tissue ablation and can re-
move calculus without producing any visible morphologic 
alteration on the root surface.56 Only 1 RCT has evaluated 
)V'V=++PEWIVEWEREHNYRGXXS764[LIRGSQTEVIH[MXL
standard root debridement with hand and ultrasonic instru-
QIRXW%JXIVQSRXLW XLI PEWIVKVSYTWLS[IHWMKRM½GERX
PPD and BOP reductions, as well as CAL gains.57 
7MQMPEVP]6'8IZEPYEXIHXLIEHNYRGXMZIYWISJETSXEWWMYQ
titanyl-phosphate (KTP) laser, 6 weeks after treatment, and 
the results showed that the combination of this type of la-
ser with SRP (with conventional instruments) and chlorhex-
idine, achieved similar clinical results to those of SRP plus 
povidone-iodine.58 
NEW TREATMENT PROTOCOLS IN THE 
NONSURGICAL THERAPY OF PERIODONTITIS
Traditionally, initial periodontal treatment was rendered in 
scheduled sessions (usually at weekly intervals) of SRP with 
either hand or ultrasonic instruments.3 In 1995, researchers 
from the University of Leuven proposed the therapeutic 
concept of full-mouth disinfection (FMD).59 This mode of 
periodontal therapy consisted of SRP of all pockets com-
bined with the topical application of chlorhexidine, within 
24 hours (usually in 2 sessions on 2 consecutive days). This 




V]FIRI½XW[LIRGSQTEVIH[MXL764EPSRI44,46,47 In another 
WXYH]SRP]XLIERXMMR¾EQQEXSV]EGXMSRWLS[IHEWMKRM½GERX
FIRI½X45 and in the last study neither the clinical nor the 
microbiological and patient-related outcomes demonstrated 
WMKRM½GERXHMJJIVIRGIWFIX[IIRXLIXVIEXQIRXKVSYTW43
Four studies have evaluated the use of diode laser : one used 
XLIRQPEWIVETTPMGEXMSREWEREHNYRGXXS764[MXLLERH
and ultrasonic instrumentation29; and 3 evaluated the 810-nm 
HMSHI PEWIV  EW EHNYRGX XS 76448,49 and 1 as mono-thera-
py.50 The posttreatment evaluation periods ranged between 
4 weeks and 6 months, and all evaluated clinical outcomes. 
Additionally, 2 studies assessed microbiological outcomes,48,50 
EWWIWWIHMR¾EQQEXSV]QEVOIVW29 and 2 assessed patient-
related outcomes.49,50 The reported results were heteroge-
RISYW[MXLWXYH]VITSVXMRKFIRI½XWJSVXLIPEWIVKVSYT29 
whereas in 2 studies the control group rendered better out-
comes,48,50 and in another no differences between groups 
were found, although patients had less discomfort in the laser 
group.49 
The Er :YAG laser technology is the one that has shown 
higher potential for use in the treatment of periodontitis, 
FIGEYWI SJ MXW IJ½GEG] MR VIQSZMRK WYFKMRKMZEP TPEUYI ERH
GEPGYPYW[MXLSYXWMKRM½GERXP]HEQEKMRKXLIVSSXWYVJEGI51 Its 
GPMRMGEPIJ½GEG]LEWFIIRVIGIRXP]IZEPYEXIH MRW]WXIQEXMG
reviews.  When used as monotherapy in comparison with 
764XLIQIXEEREP]WMWHMHRSXVIZIEPWMKRM½GERXHMJJIVIRGIWMR
clinical outcomes, both at 6 and 12 months posttreatment.52 
Similarly, the systematic review by Schwarz et al42 demon-
strated similar outcomes when evaluating RCTs comparing 
Er :YAG laser with SRP, although no meta-analysis could be 
performed. In the past 2 years, 3 RCTs using Er :YAG laser 
have been published. In one study, the use of Er :YAG alone 
TABLE 5. Study design of publications on SRP approaches
1st author Year Country R½REP Design Duration Test Control
/R}¾IV 2011 Germany 37 Parallel 12 mo FMSRP: 1 session 
(hand + power-driven)
SRP: 2 sessions 
within 4-5 wk (hand 
+ power-driven)
Pera 2011 Brazil 30 Parallel 6 mo FMUD (1 session 45 
min) + triclosan/copo-
lymer dentifrice
FMUD (1 session 
45 min) + placebo 
dentifrice
Santos 2012 Brazil 34 Parallel 12 mo FMSRP: 2 sessions 
(2 h) within 24 h 
(hand + power-driven)
SRP: 4 sessions (1 h) 
within 21 d (hand + 
power-driven)
>MNRKI 2011 The Netherlands 44 (39) Parallel 3 mo FMSRP: 1 session (3 h) 
(hand  instruments)
SRP: 3 sessions (1 h) 
within 21 d (hand  
instruments)
FMSRP, full-mouth scaling and root planing; FMUD, full-mouth ultrasonic disinfection; SRP, scaling & root planing. 
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modalities rendered good results provided the adequate pre-
ventive measurements were achieved. Both reviews agreed 
that the choice of one or other treatment modality should 
be based on patient preferences, professional skills, logistic 
settings, and cost-effectiveness.  
In the past 2 years, 4 further RCTs have been published.71-74 
Tables 5 and 6 summarize their study design and main re-
sults. Two studies reported the clinical and microbiological 
IJ½GEG]SJ*1764[LIRGSQTEVIH[MXL'7(72,74>MNRKIIX
al74 concluded that FMSRP and CSD did not result in differ-
ent clinical outcomes (PPD and BOP) at the 3-month follow-
up. Similarly, the bacterial recolonization patterns, by assessing 
the frequencies of detection of 5 periodontal pathogens by 
polymerase chain reaction (PCR) analysis, were similar be-
X[IIRFSXLXVIEXQIRXKVSYTW/R}¾IVIXEP72 in a 12-month 
RCT, concluded that FMSRP and CSD lead to similar effects 
on target periodontal pathogens (Aggregatibacter actinomy-
cetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, 
and Treponema denticola), also analyzed by real-time PCR.  
Santos et al71 evaluated the potential clinical and immuno-
PSKMGEPFIRI½XSJ*1764WIWWMSRW[MXLMRLSYVW[LIR
compared with CSD (4 sessions within 21 days) in patients 
with type 2 diabetes. They concluded that both protocols 
[IVIIUYEPP]IJ½GMIRXMRGPMRMGEPSYXGSQIWERHEPWSWLS[IH
EWMQMPEVVIWTSRWIMRXIVQWSJMR¾EQQEXSV]QEVOIVW*MREPP]
Pera et al73 carried out an RCT designed to assess the impact 
of a preventive treatment during 6 months based on the use 
of a triclosan/copolymer dentifrice, after 1-stage full-mouth 
YPXVEWSRMGHIFVMHIQIRX8LIEHNYRGXMZIYWISJXLMWXSSXLTEWXI
TVSQSXIHEHHMXMSREPGPMRMGEPFIRI½XWIWTIGMEPP] MRWMXIW[MXL
initial PPD greater than 7 mm.
therapy aimed to avoid bacterial translocation to already 
treated sites, from other oral niches (tongue, mucosa, saliva) 
and from untreated periodontal pockets. This protocol has 
been extensively evaluated by the Leuven research group, 
IMXLIV[MXLXLIEHNYRGXMZIYWISJERXMWITXMGW60-62 or without 
(full-mouth SRP [FMSRP]).63,64  These studies have reported 
WMKRM½GERXMQTVSZIQIRXWMRGPMRMGEPSYXGSQIWJSVFSXL*1(
and FMSRP, when compared with conventional staged de-
bridement (CSD). When this protocol has been evaluated by 
SXLIV VIWIEVGL KVSYTW WMKRM½GERX HMJJIVIRGIW[MXL WXERHEVH
root debridement protocols were not achieved.65-67 Another 
VITSVXIH QSHM½GEXMSR SJ XLMW TVSXSGSP EPWS FEWIH SJ XLI
FMD concept, consisting of FMSRP in a single session with 
an ultrasonic device. When compared with SRP at weekly 
intervals using hand instruments, it has shown comparable 
results, although the time needed to close a pocket (reduce 
PPD to less than 5 mm without bleeding) was shorter with 
FMSRP (3.3 minutes versus 8.8 minutes).68 This full-mouth 
therapeutic concept has been analyzed in 2 systematic re-
views. Eberhard et al69 included 7 RCTs using the FMD or 
FMSRP approach, and CSD as control, with a follow-up pe-
riod of at least 3 months in patients with chronic periodonti-
tis. Although the FMD protocol rendered higher PPD reduc-
tions compared with the CSD in sites with an initial PPD of 
5 to 6 mm in single-rooted teeth, they concluded that all 
3 interventions could result in improvements in clinical out-
comes. Lang et al70 assessed the clinical and microbiological 
outcomes of FMD or FMSRP versus CSD after a follow-up 
period of at least 6 months in patients with chronic peri-
SHSRXMXMW MRGPYHMRK6'8W%PXLSYKLWXEXMWXMGEPP]WMKRM½GERX
differences favoring FMD or FMSRP were found, when com-
pared with CSD, the authors considered these differences 
of small magnitude. In terms of microbiological outcomes, 
mainly owing to technical differences, the results from the dif-
ferent studies could not be compared. In summary, there was 
no treatment approach that could be recommended, as all 3 
8%&0)1EMR½RHMRKWSJTYFPMGEXMSRWSR764ETTVSEGLIW
1st author Year Clinical variables Main conclusion
/R}¾IV 2011 BOP, PPD, CAL, microbiology (qPCR) FMSRP compared with SRP was not favorable in reduction of 
periodontopathogens.
Pera 2011 PI, GI, BOP, PPD, REC, CAL Triclosan/copolymer-containing dentifrices can promote ad-
HMXMSREPGPMRMGEPFIRI½XWXSWXEKI*19(MRXLIXVIEXQIRXSJ
generalized severe chronic periodontitis.
Santos 2012 PI, SUP, BOP, PPD, CAL, GCF (ELISA) 764ERH*1764TVSQSXIHFIRI½XWMRGPMRMGEPTEVEQIXIVW
and showed a similar modulation of cytokines and osteo-
clastogenesis-related factors at 12 months in type 2 diabetic 
WYFNIGXW
>MNRKI 2011 PI, BOP, PPD, microbiology (PCR) FMSRP and SRP result in overall clinically and microbiologi-
cally comparable outcomes. Recolonization of periodontal 
lesions may be better prevented by FMSRP.
BOP, bleeding on probing; CAL, clinical attachment level; FMSRP, full-mouth scaling and root planing; FMUD, full-mouth ultrasonic disinfection; GCF, gingival 
GVIZMGYPEV¾YMH+-KMRKMZEPMRHI\4'6TSP]QIVEWIGLEMRVIEGXMSR4-TPEUYIMRHI\44(TVSFMRKTSGOIXHITXL6)'VIGIWWMSRU4'6VIEPXMQI4'6
SRP, scaling and root planing; SUP, suppuration.
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they were probably not adequately designed to evaluate 
these enhanced properties.
The improvements in power-driven devices, mainly with the 
development of high-frequency piezoelectric ultrasonic units, 
have shown that although the attained clinical outcomes are 
similar when compared with either manual SRP or with con-
ventional power-driven devices, they need less time and are 
WSJXIVXSXLITEXMIRX´WVSSXW8LIMRXVSHYGXMSRSJRI[YPXVE-
sonic technologies, such as the Vector system, however, did 
not result in improved clinical outcomes and needed longer 
treatment times to reach similar results when compared with 
conventional SRP. The advent of the Perioscan, which allows 
for consecutive instrumentation and calculus detection, has 
not been evaluated properly and we currently do not have 
clinical trials assessing whether the improved calculus-detec-
XMSRGETEFMPMXMIWMQTP]FIXXIVGPMRMGEPSYXGSQIW8LIEHNYRGXMZI
use of improved topical anesthetic techniques, such as EMLA, 
improved the patient-related outcomes, because patients 
experienced less pain and discomfort when compared with 
standard modes of instrumentation. Although these results 
are encouraging, they are derived from a few studies with 
small sample sizes and short evaluation periods. There is a 
clear need for RCTs with adequate study designs and ad-
hesion to the CONSORT guidelines so as to properly as-
WIWW XLIFIRI½XWSJ XLIWIRI[XIGLRSPSKMIW MRTIVMSHSRXEP
instrumentation. 
The most active area of research in nonsurgical periodontal 
therapy, in the past 2 years, has been the therapeutic use of 
lasers and, because there are many applications of laser in 
dentistry, it is important to focus on those with clear indica-
tions in the treatment of periodontitis. In general, soft tissue 
PEWIVWEVIRSXEFPIRSXVIQSZIHIRXEPFMS½PQSVGEPGYPYWERH
hence, they should not be indicated in periodontal therapy, in 
spite of the many companies suggesting that diode lasers and 
Nd:YAG lasers are indicated as an alternative to SRP. More-
over, these applications of laser can cause unwanted ther-
mal changes in the root surfaces or the bone when applied 
directly over these surfaces. The laser application that has 
rendered better results in the treatment of periodontitis has 
FIIRXLI)V =%+-XWIJ½GEG]LEWFIIRTVSZIHFSXLEWQSRS-
XLIVET]ERHEWEREHNYRGXXS764[MXLFSXLLERHSVTS[IV
driven instruments, attaining similar results to those achieved 
with conventional SRP. It is important to realize that when 
Er :YAG lasers are used as sole treatment, more time will be 
needed, and this time could reduced if laser is combined with 
ETVIZMSYWGSRZIRXMSREPHIFVMHIQIRX%PXLSYKLXLIWGMIRXM½G
evidence does not demonstrate that Er :YAG laser applica-
tion achieves superiority in both clinical or microbiological 
outcomes when compared with conventional periodontal in-
strumentation, the results on patient-related outcomes have 
shown a clear preference by the patient for the laser appli-
cation and the need for less anesthesia. Although 14 RCTs 
have been published in the past 2 years testing different laser 
DISCUSSION
(IWTMXIWMKRM½GERXEHZERGIQIRXWMRSYVORS[PIHKISJTIVM-
odontal disease pathogenesis and the factors affecting the 
outcome of periodontal therapy, the traditional approach of 
FMS½PQERHGEPGYPYWVIQSZEPF]VSSXWYVJEGIMRWXVYQIRXEXMSR
continues to be the standard mode of periodontal therapy. 
-RJEGXSYVMQTVSZIHORS[PIHKIQEMRP]HIVMZIHJVSQFMS½PQ
research, has emphasized the importance of mechanical de-
FVMHIQIRXSJFMS½PQERHGEPGYPYWMRXLIEXXEMRQIRXSJWMKRM½-
cant clinical and microbiological outcomes. 
In 1996, Cobb3 provided a good overview of the state of the 
art in classical mechanical nonsurgical periodontal therapy, 
IWXEFPMWLMRKMXWIJ½GEG]ERHMXWPMQMXEXMSRWERHTVSZMHMRKKYMHI-
PMRIWJSVJYXYVIVIWIEVGLWYGLEWXLIIZEPYEXMSRSJETEXMIRX´W
related outcomes, cost-effectiveness, and the development 
SJQSVI IJJIGXMZI MRWXVYQIRXW EMQIH JSV WMXIW[MXL HMJ½GYPX
EGGIWWERHJSVVIHYGMRKXLISTIVEXSV´WIJJSVX8LIEXXEMRQIRX
of these goals was later evaluated in 2 systematic reviews 
that selected studies comparing manual versus powered in-
strumentation.5,9 In both reviews, similar clinical results were 
attained with either manual or power-driven instrumentation 
and the importance of adequate calculus and subgingival bio-
½PQHIFVMHIQIRX XSKIXLIV[MXL KSSH WYTVEKMRKMZEP TPEUYI
control by the patient, was emphasized.4 
In the VII European Workshop in Periodontology (2008), the 
innovations in nonsurgical periodontal therapy were exten-
sively reviewed and critically analyzed.2 When evaluating the 
advances in power-driven instrumentation10ERHXLIIJ½GEG]
of lasers,42  the Workshop Consensus Report concluded the 
following:  
(1) new instruments or technologies should be evaluated in 
RCT, independently from the companies that produce them; 
(2) clinical studies should report the working conditions of 
the instruments used; 
(3) patient-centered outcomes are needed, such as pain or 
discomfort; 
(4) the role of cavitation and microstreaming in removing the 
FMS½PQVIQEMRXSFIIWXEFPMWLIH
The present evidence-based review has aimed to update 
XLI EZEMPEFPI WGMIRXM½G IZMHIRGI MR RSRWYVKMGEP TIVMSHSRXEP
therapy since this European Workshop. The analysis of RCTs 
published in the past 2 years has further emphasized the sim-
ilar clinical outcomes achieved when hand and power-driven 
instruments are compared. Most of the advances in the in-
WXVYQIRXEXMSRW]WXIQWXIWXIH[IVIFEWIHSRQSHM½GEXMSRW
of instrument tip design, as well as the use of endoscopic 
technology, to improve access and to remove calculus more 
IJ½GMIRXP]%PXLSYKL XLI EZEMPEFPI WXYHMIW LEZI RSX HIQSR-
WXVEXIHEWMKRM½GERXEHHIHZEPYI[MXLXLIRI[MRWXVYQIRXW
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applications for this clinical indication, there is still a need for 
further high-quality clinical research to evaluate the real ca-
TEFMPMX]SJ PEWIVETTPMGEXMSRWXSVIQSZIFMS½PQERHGEPGYPYW
and to ascertain the most appropriate laser application that 
provides better long-term clinical outcomes. 
Other new technologies, such as the spray of glycine, have 
been proposed as an alternative to remove calculus and bio-
½PQ8LIWXYHMIWXIWXMRKXLMWXIGLRSPSK][IVIQEMRP]JSGYWIH
on the treatment of residual pockets during SPT, and they 
showed similar results to conventional SRP, but with a better 
acceptance by the patients. These preliminary encouraging re-
sults indicate that the use of advance debridement technolo-
gies, such as nonabrasive powder sprays or laser applications 
in combination with conventional root instrumentation, may 
provide good long-term results with minimal disturbance for 
the patient. There is a need for further well-designed clinical 
trials to test these hypotheses.
2I[ XVIEXQIRX TVSXSGSPW [MXL XLI SFNIGXMZI SJ TVSZMH-
ing enhanced clinical and microbiological outcomes in less 
therapeutic time have been tested in the past 2 decades. 
The FMD therapeutic concept, with or without the use of 
topical antimicrobials, has demonstrated that it is at least as 
effective as the conventional staged approach, although in 
QER]WXYHMIWHIQSRWXVEXMRKGPIEVFIRI½XW JVSQXLIQMGVS-
biological and cost-effective points of view. The conventional 
staged approach, however, may also have advantages in terms 
SJEXXEMRMRK XLIETTVSTVMEXIQSXMZEXMSRERHIJ½GEG] MRSVEP
hygiene practices, which in many patients require treatment 
time and appropriate feedback and evaluation. It is, therefore, 
suggested that each practitioner should adopt the treatment 
protocol better suited for his or her needs and capabilities, 
EW[IPPEW JSV XLITEXMIRX´WRIIHWEW XLIWGMIRXM½GIZMHIRGI
demonstrated that both FMD and conventional SRP, when 
TIVJSVQIHGSVVIGXP]ERH[MXLXLIETTVSTVMEXITEXMIRX´WGSQ-
pliance, provide similar outcomes. 
CONCLUSIONS
2SRWYVKMGEP TIVMSHSRXEP XLIVET] MW ER IJ½GEGMSYWQSHI SJ
therapy for patients with periodontitis, irrespective of the in-
strument used or the treatment protocol performed. Many 
new technologies are available in the market and most have 
not been properly tested in clinical research, but all in general 
have demonstrated similar clinical outcomes to conventional 
SRP, with either curettes or power-driven instruments. All 
these new protocols and technologies, however, have shown 
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erbio:* itrioXaluminioXgranate* en* el* tratamiento* de* pacientes* con* periodontitis*
crónica:*ensayo*clínico*aleatorizado.*
*
Objetivo:! Evaluar! la! eficacia! clínica!de!un!nuevo!protocolo!de! tratamiento!de! raspado!y!alisado!radicular!(RAR)!que!combina!una!sesión!de!ultrasonidos!de!boca!completa!con!el!láser!de!Er:YAG!en!pacientes!con!periodontitis!crónica.*
Material*y*métodos:*Se!llevó!a!cabo!un!ensayo!clínico,!de!grupos!paralelos,!a!simple!ciego!y! con! 12!meses! de! seguimiento! en! el! que! se! incluyeron! 40! pacientes! con! periodontitis!crónica!inicialPmoderada!que!fueron!aleatorizados!al!grupo!test!(RAR!de!toda!la!boca!con!ultrasonidos! en! una! sesión! seguido! del! uso! del! láser! de! Er:YAG! en! las! bolsas! con! una!profundidad!de!sondaje![PS]! inicial!≥!4,5!mm!en!otra!sesión!una!semana!más!tarde)!o!al!grupo!control!(dos!sesiones!de!RAR!con!ultrasonidos,!separadas!una!semana).!El!cambio!en! la! PS! se! consideró! la! variable! respuesta! principal! y,! como! variables! secundarias,! los!cambios!en!los!niveles!de!inserción!clínicos!y!la!proporción!de!localizaciones!con!sangrado!al!sondaje.!Los!registros!clínicos!se!llevaron!a!cabo!en!basal!y!a!los!3,!6!y!12!meses!tras!el!tratamiento.! Los! datos! se! analizaron! con! un! análisis! por! intención! de! tratamiento! y! se!empleo!la!prueba!de!ANOVA!para!detectar!diferencias!entre!los!grupos.!
Resultados:*Ambos!tratamientos!resultaron!en!una!mejora!clínica!significativa.!El!grupo!test!consiguió,!en!comparación!al!grupo!control!a!los!12!meses,!una!menor!proporción!de!localizaciones!con!una!PS≥4,5!mm!(17,44%!versus!22,83%,!respectivamente;!p=0,004)!y!una! tendencia! a! una!menor! proporción! de! localizaciones! con! PS≥4,5!mm! y! sangrado! al!sondaje!(9,78%!versus!12,69%,!respectivamente;!p=0,052).!
Conclusiones:* Esta! eficacia! clínica! añadida! limitada! puede! justificar! el! uso! de! un!protocolo! que! combina! el! desbridamiento! de! boca! completa! con! ultrasonidos! en! una!sesión! y! la! terapia! con! láser! en! el! tratamiento! de! pacientes! con! periodontitis! crónica!inicialPmoderada.!
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Clinical Efficacy of Subgingival
Debridement With Adjunctive Erbium:
Yttrium-Aluminum-Garnet Laser
Treatment in Patients With Chronic
Periodontitis: A Randomized Clinical
Trial
Ignacio Sanz-Sa´nchez,* Alberto Ortiz-Vigo´n,* Rita Matos,* David Herrera,* and Mariano Sanz*
Background: The efficacy of erbium:yttrium-aluminum-
garnet (Er:YAG) laser application as an adjunct to subgingi-
val debridement in the treatment of chronic periodontitis (CP)
is controversial. This study assesses the efficacy of combining
full-mouth subgingival debridement with Er:YAG laser applica-
tion in the treatment of patients with CP.
Methods: In this 12-month, single-masked, parallel-group
clinical trial, 40 patients with moderate CP were selected and
randomly assigned to a test group (one session of full-mouth
ultrasonic subgingival debridement followed 1 week later by
Er:YAG application in sites with initial probing depths [PDs]
of ‡4.5 mm) and a control group (two sessions of ultrasonic
debridement within 1 week). The main outcome variable was
change in PD; the secondary outcomes were change in clinical
attachment level and proportion of sites with bleeding on prob-
ing. Outcomes were assessed at baseline and after 3, 6, and 12
months. Data were analyzed as intention to treat using analysis
of variance to assess intergroup differences.
Results: Both treatments resulted in significant clinical
improvements. The test group achieved, in comparison
with the control, a significantly lower percentage of sites
with PD ‡4.5 mm (17.44% versus 22.83%, respectively; P =
0.004) and a tendency for a lower percentage of sites with
PD ‡4.5 mm and bleeding on probing (9.78% versus
12.69%; P = 0.052).
Conclusion: This limited added clinical effect may justify
the use of a protocol combining full-mouth ultrasonic debride-
ment with laser therapy in the treatment of initial moderate CP.
J Periodontol 2015;86:527-535.
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Periodontitis is a chronic inflam-matory disease caused by a com-plex polymicrobial infection that,
if untreated, may result in breakdown
of the periodontal tissues in susceptible
individuals.1 Ample evidence from inter-
vention studies shows that mechanical
root debridement significantly improves
periodontal health by halting the progres-
sion of periodontal tissue breakdown.2-4
The standard mode of debridement, scal-
ing and root planing (SRP), is carried out
with curets, scalers, or ultrasonic in-
struments, which mechanically remove
the subgingival biofilm and dislodge
calculus from the affected roots. This
therapy needs to be supplemented with
the active patient’s participation through
strict oral hygiene measures. The effi-
cacy of this therapy has been evaluated
in various systematic reviews reporting
significant reduction in probing depths
(PDs) and gingival inflammation (bleeding
on probing [BOP]), irrespective of the
mode of instrumentation (manual or
powered).5-7
Although SRP is usually rendered at
different time intervals in different areas
of the mouth (quadrants) with the aim of
combining mechanical root debridement
* Periodontology, Faculty ofOdontology, ComplutenseUniversity ofMadrid, Madrid, Spain.
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with reinforcement of the patient’s oral hygiene
practices, an alternative therapeutic concept, the full-
mouth disinfection protocol, has been advocated to
improve clinical and microbiologic outcomes. In this
therapeutic approach, all root debridement, with the
adjunctive use of antiseptic (chlorhexidine), is carried
out in one or two visits within 24 to 48 hours, thus
preventing bacterial recolonization from untreated
sites.8 The efficacy of this protocol, however, did not
achieve a significant added value compared with
traditional SRP.9,10 Another alternative subgingival
debridement protocol was proposed by Wennstro¨m
et al.,11 consisting of full-mouth ultrasonic scal-
ing in one session and then, 3 months later, re-
instrumentation of only those sites with residual PD ‡5
mm. Compared with conventional SRP, it showed
similar clinical outcomes, but with obvious advantages
in terms of patient comfort and treatment time.
Adjunctive laser treatment has been advocated
for its inherent anti-infective and physical properties.
Each laser device, however, has specific characteris-
tics, depending on its wavelength and power of
emission, resulting in different effects on the soft and
hard tissues.12 Among the lasers most frequently used
in periodontics, diode lasers have effectsmainly on soft
tissues and have been used as adjuncts to mechanical
debridement to disinfect periodontal pockets.13,14
Laser emission is frequently used in combination with
a photosensitizer (so-called photodynamic therapy).14
Another laser device, the erbium:yttrium-aluminum-
garnet (Er:YAG) laser, results in good absorption by
both soft and hard tissues, including dentin and
enamel, eliciting both photo-ablative and photo-thermic
effects.15 In vitro studies have shown that this laser
device does not damage the root surface and is able
to remove calculus even more efficiently than ul-
trasonic devices.16,17 It may also include a feedback
system based on a diode laser to allow the detection
of subgingival calculus and its elimination by acti-
vating the laser emission. Depending on the feedback
system and its threshold value adjustment, different
outcomes can be expected.18
The clinical efficacy of Er:YAG lasers has been
evaluated in several clinical trials, with conflicting
results compared with the standard mode of therapy,
SRP. Er:YAG laser treatment has been evaluated
both as monotherapy for the treatment of peri-
odontitis and as an adjunct to conventional SRP
during the same visit. In most studies, the use of Er:
YAG lasers did not provide an added benefit to the
conventional treatment, and when the differences
were statistically in favor of the laser groups, it was
questionable whether they were clinically relevant.
In contrast, the adjunctive use of Er:YAG lasers
has never been studied when the laser application is
staged after SRP and applied only to initially deep
periodontal sites. The rationale of this treatment
approach is based on best using the capacity of the
Er:YAG laser to detect subgingival calculus when
there is less inflammation and bleeding, thus im-
proving its optical and ablative properties. This
clinical trial, therefore, tests the efficacy of a treat-
ment protocol combining full-mouth ultrasonic sub-
gingival debridement with the application 1 week
later of Er:YAG laser only in initially deep periodontal
sites, compared with conventional ultrasonic de-
bridement without the laser application. The objec-
tive of this clinical trial is to test the efficacy of this




This 12-month, single-masked, parallel group clini-
cal trial was conducted in the Graduate Periodon-
tology Clinic of the University Complutense of Madrid,
Spain. The research ethics committee (Clinical trials
committee from the University Hospital of San Car-
los, Madrid) approved the study protocol, and
all participating patients signed informed consent.
This study is registered in the World Health Organi-
zation International Clinical Trials Registry Platform
(ISRCTN07764690).
Patients
After a screening visit from December 2008 to
December 2009 including a full-mouth periodontal
and radiographic evaluation, all patients fulfilling
the following criteria were asked to participate: 1)
diagnosis of early-to-moderate CP based on the
presence of ‡4 teeth per quadrant with PD ‡4.5 mm
and 30% to 50% radiographic bone loss in >30% of
teeth;19 2) no systemic diseases requiring antibiotic
prophylaxis or other systemic medication that could
affect the patient’s clinical response; and 3) no
periodontal treatment within the last 12 months or
systemic antibiotic intake in the last 3 months. Sixty-
two consecutive patients were screened, 44 fulfilled
the inclusion criteria, and 40 (12 males, 28 females,
aged 37 to 71 years; mean age: 52.8 years) agreed to
participate by signing informed consent.
The sample size calculation was based on de-
tecting a difference between groups of 0.5 mm in the
main outcome variable (PD reduction) with an as-
sumption of a common SD of 0.6 mm, a error of 0.05,
and b error of 0.20. This analysis resulted in 36
patients; with the assumption of a reasonable number
of dropouts (10%), 40 patients were included and
randomized.
Outcome Variables
One masked examiner (AO-V), different from the
operators (IS-S, RM), performed all measurements.
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This examiner, before beginning the study, carried
out a calibration session on five randomly selected
patients, resulting in mean differences between re-
peated measurements of 0.6 mm for PD, with an
intra-examiner reproducibility of 98% and 79% for
differences –1 and –0.5 mm, respectively.
The clinical measurements were performed at
baseline and after 3, 6, and 12 months with regis-
tration of the following outcome variables in all teeth
at six sites per tooth. 1) PD recorded with an elec-
tronic probe† using a controlled force of 25 g and
measured to the closest 0.5 mm. This electronic
probing system has two description modes, the
graphic display and the data mode. In the graphic
display, it automatically segments PD in three cat-
egories: shallow (1 to 4 mm), moderate (5 to 6 mm),
and deep (‡7 mm).20 In the data mode, however, the
moderate category starts when PD is ‡4.5 mm. In this
investigation, PD ‡4.5 mm at baseline in the data
mode (equivalent to ‡5 mm in the graphic display)
was selected for laser application in the test group. 2)
Recession calculated as the distance between the
gingival margin (GM) and the cemento-enamel
junction (CEJ) or the margin of the restoration. A
negative value was given when the GM was located
coronal to the CEJ. 3) Clinical attachment level
(CAL) calculated as PD + recession. 4) BOP calcu-
lated as the presence/absence of bleeding within
15 seconds after probing.11 5) Plaque calculated as
the absence/presence of plaque after staining with
erythrosine.‡
Treatments
The participating patients were randomized to one of
the two treatment regimens by means of a computer-
generated random list. Allocation concealment was
performed through the use of opaque sealed enve-
lopes, and masking was ensured by having a study
coordinator (DH), not involved in the execution of the
study, register the treatment assignment.
Once the patients were entered into the study, they
were provided with a medium-softness manual
toothbrush§ and instructed to brush their teeth twice
per day using the modified Bass brushing technique.
They were also prompted to perform interdental
cleaning once daily with either dental floss or in-
terdental brushes. These instructions were reinforced
at the reevaluation visits depending on plaque ac-
cumulation.
All patients assigned to the test group were treated
by the same operator (IS-S) and received full-mouth
ultrasonic debridement + Er:YAG laser application in
initially moderate and deep pockets 1 week later. The
piezoceramic ultrasonic devicei with a scaling tip¶
was used under profuse water irrigation and power
settings from 50% to 80%. This session was timed for
45 to 60 minutes. One week later (day 7), sites with
initial PD ‡4.5 mm were treated with the Er:YAG
laser device using the feedback system.# The unit
was set at 160 mJ and 10 Hz, a periodontal sapphire
tip** was inserted along the pocket until calculus
was detected by the feedback system, and then the
laser was discharged. The feedback system was set
at 5 U, as recommended by the manufacturer. The tip
was swiped along the root surface until no more
subgingival calculus was detected. The time needed
for the laser instrumentation was registered from the
moment the laser was calibrated and the sapphire tip
was mounted. The total treatment time for the test
group resulted from adding the time needed for
the full-mouth ultrasonic debridement and the laser
application.
The patients in the control group were treated by
a different well-trained operator (RM) and received
full-mouth ultrasonic debridement delivered in two
45- to 60-minute sessions, in which the right quad-
rants were treated on the first day (day 0) and the left
quadrants 7 days later. The total treatment time for
the control group resulted from adding the minutes
for each ultrasonic debridement session.
The decision to use two operators, one for each
treatment procedure, was made to provide each
treatment arm with the maximum level of expertise,
although it is recognized that the presence of different
operators may have interfered with the study design.
In both treatment groups, local anesthesia was
applied only when requested by the patient. After
completing the treatment phase, at each follow-up
visit, all teeth were polished supragingivally with
a rubber cup and low-abrasive polishing paste.††
If, during the course of the study, any patient
showed a loss of attachment ‡2 mm in ‡4 teeth or
a periodontal abscess, the patient exited the study
and was given standard periodontal therapy. Data
from these patients were analyzed as if they were
dropouts for any other reason (intention-to-treat
analysis).
Data Analyses
Data were analyzed by intention to treat, thus ac-
counting for all patients at each time point. The
patient was considered the unit of analysis, and each
outcome variable was reported at every visit bymeans
and SDs. The primary outcome variable was change
in PD. Pockets were stratified at baseline as shallow
(PD <4.5 mm) and moderate-to-deep (PD ‡4.5 mm).
† Florida probe, Gainesville, FL.
‡ Plac Control, Dentaid, Barcelona, Spain.
§ Vitis Medium Access, Dentaid.
i Mini Piezon EMS, Electro Medical Systems, Nyon, Switzerland.
¶ DS-001A, Electro Medical Systems.
# KaVo Key 3 Laser, KaVo, Biberach an der Riss, Germany.
** Blue light wedge/1.003.8602, KaVo.
†† Copas y pasta de profilaxis, DentaFlux, Madrid, Spain.
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Open pockets were defined as sites with PD ‡4.5 mm
and BOP. The secondary outcome variables were
changes in CAL and BOP. Plaque scores were con-
sidered confounding variables.
After checking normality using the Kolmogorov-
Smirnov test, continuous variables were compared
between groups by analysis of variance (ANOVA),
using the treatment group as the factor and tobacco
use, sex, and age as covariables. Differences in the
mean proportions of moderate-to-deep and open
pockets were analyzed using Mann–Whitney U test.
All comparisons were analyzed‡‡ using two tails and
a significance level of <0.05 for an adequate in-
terpretation of the data. However, since multiple
comparisons were made, the level of significance for
changes between visits shoud be P <0.017 (three
comparisons) and within visits P <0.012 (four com-
parisons) according to the Bonferroni correction.
RESULTS
All 40 patients completed the 6-month evaluation.
Two patients in the test group and one in the control
group were unable to attend the 1-year visit: one
patient in the test group left the study due to the
development of an osteosarcoma, and one patient in
each group suffered progressive loss of attachment
>2 mm in >4 teeth (Fig. 1).
The characteristics of the patient sample are
summarized in Table 1. There were no significant
differences with regard to sex, number of teeth, or
proportion of smokers. The mean total time used in
the test treatment protocol was 72 minutes (range,
55 to 90 minutes), with a mean laser application time
of 23 minutes (range, 15 to 40 minutes). In the
control group, the treatment time was preset to two
sessions of 45 to 60 minutes each, resulting in
a mean total time of 99 minutes (range, 90 to 120
minutes).
Primary Outcome
Table 2 depicts the mean values for PD at each time
point for all sites. Although a significant mean re-
duction could be observed for both groups, no sta-
tistically significant differences were found between
the test and control treatments. When comparing the
PD changes between baseline and 12 months,
a significant reduction was observed in both groups,
with a mean reduction of 0.52 mm in the test group
and 0.36 mm in the control group. These differences
were not statistically significant.
In the moderate-to-deep PD category, both test
and control groups also showed significant PD re-
ductions (0.60 versus 0.49 mm, respectively). Differ-
ences between groups were not significant (Table 3).
The proportions of moderate-to-deep sites at
baseline were similar in both test and control groups
(29.75% and 30.32%, respectively). After therapy,
a notable reduction in the percentage of moderate-to-
deep sites occurred in both groups, although only in
the test group were these differences statistically
significant at 6 months and 1 year, demonstrating
almost twice the reduction as in the control group
(11.86% versus 6.24%) (Table 3). At the 1-year visit,
the percentage of sites with moderate-to-deep PD in
the test group was significantly lower than in the
control group (17.44% versus 22.83%; P = 0.04) (see
supplementary Table 1 in online Journal of Peri-
odontology).
The changes in the proportions of open pockets
are depicted in Table 3. At baseline, both test and
control groups had similar percentages (18.37% and
18.24%, respectively). In the test group, there was
a statistically significant reduction between baseline
and 12 months (from 18.37% to 9.78%), whereas in
the control group, this reduction was not significant
(from 18.24% to 12.69%). At 12 months, there was
a clear tendency for fewer open pockets in the test
group than in the control group, although these dif-
ferences were not statistically significant (P = 0.052).
Secondary Outcomes
Table 2 depicts the mean values of CAL at each time
point. At baseline, the mean CAL was similar in the
two groups. The mean CAL changes between
baseline and 12 months were also similar in the two
groups, with a mean reduction of 0.28 mm in the test
and 0.15 mm in the control group.
Table 2 summarizes the mean values of BOP and
plaque. At baseline, the mean percentages of BOP
were similar in the two groups (64% test and 65%
control). At 12 months, these percentages were 29%
and 31%, respectively, with similar reductions oc-
curring in both groups (Table 2). Similarly, the two
groups had mean plaque scores of 62% and 61% at
baseline, and there was a continuous reduction in
plaque throughout the study, with 12-month plaque
values of 27% and 25%, respectively (Table 2).
The analysis of the covariables demonstrated that
tobacco smoking influenced the results for PD mea-
surements at 3 to 12 months and CAL measurements
at baseline and 6 months.
DISCUSSION
The results from this randomized clinical trial have
shown that both treatment protocols were efficacious
in the treatment of patients with CP and resulted
in significant improvements in the main outcome
measurement (PD change) and the reduction of the
percentage of sites with BOP. In comparison with the
control treatment group, the adjunctive application
of Er:YAG laser in moderate-to-deep pockets after
‡‡ Statgraphics, v.5.1, Statpoint Technologies, Warrenton, VA.
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full-mouth ultrasonic debridement resulted in a sig-
nificantly lower percentage of sites with moderate-to-
deep PD (P = 0.004) and a tendency toward a lower
percentage of open pockets (sites with PD ‡4.5 mm
and BOP) (P = 0.052). Similarly, the mean PD re-
duction in the sites with initially moderate-to-deep
PD in the test group was larger compared with the
control group, although these differences were not
statistically significant (P = 0.08).
This added clinical value of combining laser and
ultrasonic mechanical debridement has also been
reported in other investigations. Yilmaz et al.,21 who
compared SRP alone and with Er:YAG or metroni-
dazole in the treatment of patients with CP, reported
that the adjunctive use of Er:YAG resulted in signif-
icantly higher CAL gains and PD reductions at 3
months post-therapy. This significant added effect,
however, was lost in subsequent visits. In contrast,
other clinical trials failed to demonstrate a significant
benefit of adjunctive Er:YAG laser application. In
a split-mouth design, Rotundo et al.22 compared four
treatment modalities (no treatment, laser alone,
SRP + laser, and SRP alone), reporting that the use of
laser alone was significantly inferior to SRP + laser
and SRP alone. Similarly, Lopes et al.23 could not find
any differences between adjunctive laser application
versus SRP alone or laser alone 12 months after
treatment. The combination of Er:YAG and SRP has
also been compared to the use
of Er:YAG alone, and no dif-
ferences were reported for any
of the clinical parameters at 1
year.24
The application of Er:YAG as
the only therapy in the treat-
ment of CP has also been tested
and compared with standard
mechanical debridement by
curets or ultrasonics. The study
by Schwarz et al.25 compared
the Er:YAG laser (without a
feedback system) with SRP
using hand instruments. Sig-
nificantly better results were
reported in the laser group for
BOP reductions and CAL gains
after 3 and 6 months, and these
differences were sustained in
a subsequent publication re-
porting the 2-year outcomes.26
Crespi et al.27 reported signif-
icantly higher PD reductions
and CAL gains at sites with initial
PD ‡4 mm 2 years after treat-
ment. Similarly, Badran et al.28
Table 1.
Demographic Characteristics of the Patient Sample at Baseline
Characteristic Test Group Control Group Total
Patients at baseline (n) 19 21 40
Age in years [mean (minimum, maximum)] 48.5 (37, 71)* 56.8 (39, 71)* 52.8
Sex, males/females (n) 7/12 5/16 12/28
Smokers (n) 10 7 17
Teeth (n) 26.05 24.8 25.4
* Statistically significant difference between groups at baseline, P <0.027.
Figure 1.
Consolidated Standards of Reporting (CONSORT) flow diagram of the study. Asterisks indicate excluded
patients followed until 6 months only.
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compared laser to manual SRP, reporting significant
differences in favor of the laser therapy only for CAL
gains at 2months. Conversely, other clinical trials using
a similar design have failed to report significant dif-
ferences comparing the use of Er:YAG laser to standard
root debridement,15,29 or even inferior results for the
laser therapy.30 The systematic reviews combining the
data of these clinical trials comparing laser to con-
ventional SRP or Er:YAG laser as adjunctive therapy
clearly failed to show statistically significant differences
for any of the clinical parameters.31,32 The quality
analysis of these studies also indicated that many of
those that showed significant benefits for the laser
therapy were classified as having a high risk of bias
according to the Consolidated Standards of Reporting
Trials (CONSORT) guidelines.31
The application of Er:YAG lasers has also been
studied for the treatment of residual pockets during
maintenance therapy, without demonstrating a sig-
nificant added effect.33 Similarly, Tomasi et al.34
could not demonstrate a sustained adjunctive effect
of the feedback-controlled Er:YAG laser application
during periodontal maintenance therapy. On the
other hand, the Er:YAG laser was compared with
conventional SRP for the treatment of residual
pockets in patients who smoked without an added
value for either clinical or microbiologic outcomes.35
In this clinical trial, the overall treatment effect in
both treatment groups was modest (PD reductions of
0.52 and 0.36 mm, respectively) and below the ex-
pected outcome used to calculate the sample size.
These outcomes, however, may be explained by the
studied population used, consisting of early-to-
moderate CP with a mean PD at baseline of 3.07 mm
and a relatively low percentage of moderate-to-deep
pockets (30%). Both therapies, however, significantly
reduced the main outcome measurements (PD and
BOP), although without resulting in a significantly
lower percentage of moderate-to-deep pockets.
These differences, however, may not be due only to
the added effect of the laser application, but rather to
the fact that two different treatment protocols were
compared.
In the tested treatment protocol, the Er:YAG laser
was applied to only initially moderate-to-deep
pockets, 1 week after full-mouth ultrasonic de-
bridement. This protocol was based on the one
proposed by Wennstro¨m et al.11 consisting of full-
mouth ultrasonic debridement in one session, but in
this case the laser application to initially moderate-
to-deep sites was added. The rationale of this pro-
tocol was intended to attain reduced inflammation
within 1 week after full-mouth debridement and ex-
ploit the calculus feedback system for more effective
calculus removal. The Er:YAG laser was applied only
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photodynamic therapy that have recommended re-
peated application during several weeks.36
One possible limitation of this clinical trial was the
use of different treatment providers, one for each
tested treatment protocol, and this difference may
be responsible for the differences reported, since it
is well established that proper subgingival instru-
mentation requires adequate manual skills and ex-
perience. Different operators were selected to avoid
any operator bias, since it was impossible to mask
the treatment groups to the operator. To reduce this
operator bias, both treatment providers went through
specific training sessions using their assigned treat-
ment protocol and a calibrating session consisting
of the treatment of 10 patients before initiation of
the study. Another factor that may have influenced
the results was that the moderate-to-deep pockets
in the test group received two treatments, whereas in
the control group they were treated just once, but the
aim was not to compare the adjunctive treatment but
rather two treatment protocols with a well-established
rationale. Other possible limitations are probably
related to the inaccuracy of probing, since although
an electronic probing system was used, not using
individual stents may have influenced the probe
angulation and hence the reproducibility of the mea-
surements. Similarly, differences between the out-
comes in terms of mean values and frequency of
presence for deep sites could be due to a non-
symmetric distribution, which may compromise the
assumptions. The difference between mean and
frequency distribution could also be due to a problem
of clustering of data, with some patients contributing
many sites and others few.
CONCLUSIONS
Compared with full-mouth subgingival ultrasonic
debridement, the tested treatment protocol, combin-
ing Er:YAG laser application in the moderate-deep
PDs 1 week after full-mouth subgingival ultrasonic
debridement, showed a significant added benefit at
1 year in terms of reducing the percentage ofmoderate-
to-deep PD and a clear tendency in the reduction of
open pockets. Although the results may justify the
use of this protocol in the treatment of patients with
early moderate periodontitis, a cost-benefit analysis
should be carefully considered in light of the high
investment needed for the laser application, which
may not justify this limited added benefit. These re-
sults must also be considered with caution in light of
the limitations of this clinical trial, namely the limited
sample size and the differences between the tested
treatment protocols, which may complicate a direct
comparative analysis.
In summary, the results of this clinical trial have
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treatment protocols were effective in significantly
improving the clinical outcomes (PD and BOP re-
ductions) in patients with early moderate CP for at
least 1 year, although this study failed to demon-
strate any clinically significant benefit when the
adjunctive laser therapy was added to ultrasonic
root debridement.
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*
Efectos* microbiológicos* y* patrones* de* recolonización* tras* el* desbridamiento*
subgingival*con*el*uso*coadyuvante*del*láser*de*Er:YAG*
*
Objetivo:*Evaluar!los!efectos!microbiológicos!y!los!patrones!de!recolonización!bacteriana!después! de! un! protocolo! de! tratamiento! periodontal! no! quirúrgico! basado! en! el! uso!coadyuvante!del!láser!de!erbio:!itrioPaluminioPgranate!(Er:YAG).!!
Material* y* métodos:* Los! pacientes! diagnosticados! de! periodontitis! crónica! fueron!asignados! de! manera! aleatoria! a! dos! protocolos! de! tratamiento! distintos:! test,!desbridamiento!de!boca!completa!con!ultrasonidos!seguido!de!la!aplicación!del!láser!una!semana!más!tarde!en!las!localizaciones!con!una!profundidad!de!sondaje!inicial!≥4,5!mm;!control:!desbridamiento!de!boca!completa!con!ultrasonidos!en!dos!sesiones!separadas!una!semana.! Se! registraron! variables! clínicas! (en! las! localizaciones! donde! se! tomaron!muestras!para!el!análisis!microbiológico)!y!microbiológicas!(por!cultivo)!en!basal!y!a!los!3!y!12!meses!después!del!tratamiento.!Las!variables!microbiológicas!incluyeron!el!recuento!total! de! bacterias,! frecuencia! de! detección,! proporciones! y! recuentos! de! las! principales!bacterias! periodontales.! Las! unidades! formadoras! de! colonias! se! transformaron! en!logaritmos.!Las!variables!cuantitativas!se!compararon!con!el!test!de!ANOVA,!considerando!la! visita! como! el! factor! y! el! tabaco,! edad! y! sexo! como! covariables,! mientras! que! los!cambios!en!las!proporciones!de!las!bacterias!se!evaluaron!con!pruebas!de!chi!cuadrado.!
Resultados:* Se! compararon! los! resultados! de! 19! pacientes! en! el! grupo! test! y! 21! en! el!control.!Se!observó!un!cambio!mínimo!en!las!unidades!formadoras!de!colonias!totales,!sin!diferencias!entre!grupos.!Para!la!frecuencia!de!detección,!se!observó!un!impacto!similar!y!limitado! para! la! mayor! parte! (más! del! 80%)! de! las! especies! bacterianas! periodontoPpatógenas!estudiadas!(P.!gingivalis,!P.!intermedia,!F.!nucleatum).!Hubo!una!reducción!a!los!3!meses! en! la! proporción! de!P.!gingivalis,! tanto! en! el! grupo! test! como! en! el! control! (de!16,3%!a!10,0%!y!de!16,0%!a!14,8%,!respectivamente),!aunque!estas!diferencias!no!fueron!estadísticamente! significativas.! A! los! 12! meses! el! grupo! test! obtuvo! una! significativa!mayor!reducción!de!la!profundidad!de!sondaje!en!las!localizaciones!donde!se!tomaron!las!muestras!(p=0,01).!
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Abstract
Objectives The objective of this study was to assess the mi-
crobiological effects and recolonization patterns after non-
surgical periodontal treatment protocol based on the adjunc-
tive use of erbium-doped yttrium aluminium garnet (Er:YAG)
laser.
Material and methods Patients diagnosed with chronic peri-
odontitis were randomly assigned to two different treatment
protocols: test, full-mouth subgingival ultrasonic instrumenta-
tion followed by Er-YAG laser application 1 week later to sites
with initial probing pocket depth ≥4.5 mm; and control, full-
mouth ultrasonic subgingival instrumentation within 1 week.
Clinical (at sampled sites) and microbiological (culture-based)
parameters were recorded at baseline and 3 and 12 months.
Microbiological variables included total counts, frequency of
detection, proportions and counts of target species.
Results Results from 19 test and 21 control patients were
compared. Minor changes were observed for total colony-
forming units, with no differences between groups. For the
frequency of detection, a limited and similar impact in both
groups was observed for the most prevalent (over 80 %) peri-
odontal pathogens (Porphyromonas gingivalis, Prevotella
intermedia, Fusobacterium nucleatum). For proportions, re-
ductions in P. gingivalis occurred at 3 months, both in the test
and control groups (from 16.3 to 10 % and 16 to 14.8 %,
respectively), although these differences were not statistically
significant. At 12 months, the test group showed a statistically
significant greater reduction in probing depth for the sampled
sites.
Conclusions The adjunctive use of Er:YAG laser when com-
pared with conventional ultrasonic debridement did not pro-
vide a microbiological added benefit.
Clinical relevance Even though some clinical benefits with
the adjunctive laser application were identified when compar-
ing both treatment protocols, there were no differences in mi-
crobiological outcomes or in the bacterial recolonization
patterns.
Keywords Erbium:YAGlaser .Subgingival scaling .Chronic
periodontitis . Periodontal pocket . Microbiota
Introduction
The current paradigm to explain the pathogenesis of periodon-
titis includes a microbial challenge that leads to a host inflam-
matory and immune response that is responsible of the chang-
es in the connective tissue and bone metabolism leading to
destruction and loss of periodontal attachment. This pathogen-
ic pathway is, however, modulated by various systemic and
environmental risk factors that will condition the individual
susceptibility and disease progression [1–3].
Even though oral bacteria are not per se responsible of the
destructive changes that characterize periodontitis, they are
essential to develop the antigenic challenge that triggers and
perpetuates the chronic inflammatory changes leading to tis-
sue destruction. These bacteria are organized in highly struc-
tured communities (biofilms) adhered to tooth surfaces in
close vicinity to the gingival margin. The pathogenic potential
of these biofilms reside not only in their bacterial composition,
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but rather their resistance to different environmental chal-
lenges, such as the presence of antimicrobial agents and their
ability to withstand their physical dislodgement during oral
hygiene practices [4–7]. Although there is controversy on
the relative pathogenic role of specific bacterial pathogens
versus a mere increase in the biofilm mass, there is clear ev-
idence that several pathogens resident in the subgingival bio-
film possess a series of virulence factors that facilitate their
invasion through the natural tissue barriers and their evasion
of the host immune and inflammatory defence mechanisms,
thus stimulating the metabolic cascades leading to destruction
of connective tissue and bone [8–10].
Based on this clear aetiological role, the treatment of peri-
odontitis has been mainly focused on eliminating or signifi-
cantly reducing the subgingival biofilm [6], and in fact, there
is ample evidence that mechanical root debridement is able to
halt the progression of attachment loss and to significantly
reduce tooth loss [11–13]. The efficacy of this therapeutic
concept has been evaluated in several systematic reviews
demonstrating significant reductions in probing pocket depths
and in gingival inflammation [14, 15]. However, these re-
views have also shown that similar outcomes are achieved
irrespective of the mode of root debridement (either with hand
or mechanical instruments) [16, 17]. In the last two decades,
alternative methods for root debridement have appeared, such
as the use of different laser applications, but similarly their
added value when compared with traditional mechanical de-
bridement methods has not been demonstrated [18] and their
possible adjunctive effect when combined with standard
modes of root debridement has not been clearly elucidated.
Since the relative efficacy of laser devices lies on their spe-
cific mode of action according to their laser emission mode,
more powerful laser devices have been developed with the goal
of improving their efficacy in the treatment of periodontitis. The
erbium-doped yttrium aluminium garnet (Er:YAG) laser has
been specifically indicated for the non-surgical treatment of
periodontitis due to its ablative and thermal properties, together
with its calculus feedback mechanism [19]. The results from
clinical trials when this laser device has been used both as
monotherapy and as adjunctive to conventional mechanical de-
bridement have been, however, controversial [20, 21]. Our re-
search group recently compared two subgingival root debride-
ment protocols, one combining full-mouth ultrasonic debride-
ment and Er:YAG application only to initially deep pockets,
versus full-mouth ultrasonic debridement, reporting that both
treatments resulted in significant clinical improvements, al-
though the laser group achieved significantly lower percentage
of deep sites with bleeding on probing [22].
This possible added benefit of Er:YAG laser could be due
either to a direct bactericidal effect or to a direct physical effect
on the tissues. The possible antimicrobial effects of laser ap-
plications are also controversial, since Er:YAG lasers have
shown bactericidal effects in vitro [23, 24] by eliminating
bacterial endotoxins from the root surface [25–27], but this
microbiological efficacy has not been substantiated in clinical
trials, which have reported conflicting results [28–33]. In fact,
in most of the studies the use of Er:YAG lasers did not provide
an added benefit to the conventional treatment in terms of the
reduction of total bacteria or the main periodontal pathogens
[28–30, 32, 33]. These studies, however, always applied the
laser emission in conjunction with mechanical therapy, what
makes difficult to assess its possible added effect, mainly the
impact of laser emission in deep pockets, where mechanical
debridement potentially has been less efficient.
It is, therefore, the objective of this clinical trial to evaluate
the microbiological outcomes and the patterns of bacterial
recolonization of a new treatment protocol, where the Er:YAG
laser application is staged 1 week after full-mouth ultrasonic
root debridement and applied only to initially deep pockets.
The rationale behind this laser treatment protocol was based
on the aim to best utilize the capacity of the Er:YAG laser to
detect subgingival calculus and improve its optical and abla-
tive properties once gingival inflammation and bleeding have
receded after ultrasonic scaling. The working hypothesis is
that the observed clinical benefits of the tested protocol are




This study was designed as a 12-month, single-masked, par-
allel group, randomized clinical trial. It was conducted in the
Graduate Periodontology Clinic of the University
Complutense of Madrid, Spain. The protocol of this study
was approved by the institutional research ethics committee
(Comité de Ensayos Clínicos del Hospital Universitario San
Carlos, Madrid) and was registered at the WHO International
Clinical Trial Registry Platform (ISRCTN07764690). All par-
ticipating patients signed the informed consent prior to enter
the study. The clinical outcomes of this trial have been recent-
ly published [22].
Patient sample
Consecutive patients (December 2008–December 2009) be-
ing diagnosed of initial to moderate chronic periodontitis [34]
were recruited to participate in this study after a screening visit
that included full-mouth periodontal and radiographic evalu-
ations. The following criteria were used.
Inclusion criteria
& Age 25–80 years
& A minimum of 4 teeth per quadrant
Clin Oral Invest
& At least 4 teeth per quadrant with probing pocket depth
(PD) ≥4.5 mm and radiographic bone loss between 30 and
50 % in more than 30 % of teeth
& Good general health according to medical history and no
allergies to local anaesthetics
& Willing to participate in the study
Exclusion criteria
& Subgingival instrumentation within 12 months prior to the
baseline examination
& Use of systemic antibiotics within 3 months prior to the
start of the study
& Medical conditions requiring prophylactic antibiotic
coverage
& On-going drug therapy that might affect the patient’s clin-
ical response
& Pregnant women
The sample size calculation was based on detecting a dif-
ference between groups of 0.5 mm in the primary outcome
variable (PD reduction) with the assumption of a common
standard deviation (SD) of 0.6 mm, an α error of 0.05 and a
β error of 0.20. This analysis resulted in 36 patients and as-
suming of a reasonable number of dropouts (20 %), 40 pa-
tients were included and randomized in this clinical trial.
Treatments
The included patients were randomized to one of the two
treatment regimens by means of a computer-generated ran-
dom list. Allocation concealment was performed through the
use of opaque sealed envelopes, and masking was assured by
having a study coordinator (DH) not involved in the execution
of the study that registered the treatment assignment. After
being recruited, patients were instructed in oral hygiene prac-
tices and motivation and reinstruction were provided at base-
line and subsequent follow-up visits.
Patients assigned to the test group received a full-mouth
subgingival debridement session (day 0) of 45–60 min with
a piezo-ceramic ultrasonic device (Minipiezon® EMS, Electo
Medical System, Nyon, Switzerland) using a piezon® tip (DS-
001A, Electo Medical System, Nyon, Switzerland) under pro-
fuse water irrigation and power settings between 50 and 80%.
One week later (day 7), the sites with initial PD ≥4.5 mmwere
treated with the Er:YAG laser + feedback system (5U) (Kavo
Key Laser III, Bonn, Germany). The laser device was set at a
power of 160 mJ and a frequency of 10 Hz. The periodontal
sapphire tip of 0.5×1.65 (136 mJ/pulse at the tip) was inserted
in the pocket with an inclination of the fibre tip of 15° to 20° to
the root surface, and laser was discharged whenever calculus
was detected by the feedback system. The tip was moved
across the pocket from coronal to apical in parallel paths until
no more subgingival calculus was detected. Local anaesthesia
was only provided if patients requested it. This treatment pro-
tocol was based on the study reported by Wennström et al.
(2005) that used mechanical instrumentation of sites with ini-
tial PD ≥5 mm after full-mouth ultrasonic scaling. In this
study, we aimed to use the best capability of Er:YAG laser
with the feedback system for calculus detection once the gin-
gival inflammation and bleeding had receded 1 week after
full-mouth ultrasonic scaling [35].
The patients in the control group were treated in two con-
secutive weeks. In the first session (day 0), the right side of the
mouth was treated during 45–60 min using the same ultrason-
ic device as in the test group. The second session (day 7) used
the same protocol for the left quadrants. Local anaesthesia was
provided if requested by the patient.
Two periodontists carried out the tested interventions after
undertaking specific training sessions on the use of their
assigned treatment protocol and after a calibrating session
consisting on the treatment of 10 patients prior to the initiation
of the study.
In each follow-up visit in both treatment groups, all teeth
were supragingivally polished with a rubber cup (Copas
profilaxis, DentaFlux, Madrid, Spain) and a low abrasive
polishing paste (Copas profilaxis, DentaFlux, Madrid, Spain).
No intention was made to subgingivally debride the residual
sulci/pockets or the bleeding sites. If lost of attachment ≥2mm
in ≥4 teeth was detected in any patient during these follow-up
visits, the patient was exited from the study and was treated
appropriately. The data from the last visit of the patient was
then used for the analysis.
Microbiological outcomes
Microbiological samples were collected at baseline and 3 and
12 months following the completion of the treatment phase.
From each quadrant, the most accessible site with the deepest
PD and bleeding on probing (BOP) was selected. Samples
were taken with two consecutive sterile medium paper points
(Maillefer, Ballaigues, Switzerland) per site. Subgingival
plaque was sampled after the removal of all supragingival
plaque and debris [36]. Before sampling, the sites were isolat-
ed from the saliva by applying cotton rolls and then gently
dried with compressed air, in order to avoid contamination.
The paper points were kept in place for 10 s and were then
transferred into a screw-capped vial, containing 1.5 ml of re-
duced transport fluid (RTF) [37]. Samples were transferred to
the microbial laboratory within 2 h, where they were homog-
enized by vortexing for 30 s [38], and serially diluted in PBS.
At the laboratory, aliquots of 0.1 ml were plated manually for
the detection of Aggregatibacter actinomycetemcomitans on
the specific medium Dentaid-1 [39]. These plates were incu-
bated for 3 days in air with 5 % CO2 at 37 °C.
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Suspected isolates were identified on the basis of colony
morphology (small colony, 1 mm in diameter, with a dark
border and a Bstar^ or Bcrossed cigars^ shaped inner struc-
ture) and positive catalase reaction. Sample dilutions were
also plated onto a non-selective blood agar plate (Blood Agar
Base II®, Oxoid, Basingstoke, UK), supplemented with
haemine (5 mg/l), menadione (1 mg/l) and 5 % sterile horse
blood. After 7–14 days of anaerobic incubation (80 % N2,
10 % CO2 and 10 % H2), total counts and counts of repre-
sentative colonies (those with colony morphologies compati-
ble with target pathogen morphology) were performed in the
most suitable plates, those harbouring between 30 and 300
colonies. Suspected colonies were further identified by mi-
croscopy, studying their gram staining and enzyme activity
(including N-acetylb-D-glucosaminidase, α-glucosidase,
agalactosidase, α-fucosidase, esculin, indole and trypsin-like
activity). Counts were transformed in colony-forming units
per millilitre of the original sample. Total anaerobic counts
were calculated, as well as count of the detected periodontal
pathogens (A. actinomycetemcomitans, Tannerella forsythia,
Porphyromonas gingivalis, Prevotella intermedia/Prevotella
nigrescens, Parvimonas micra, Campylobacter rectus and
Fusobacterium nucleatum). In addition to the quantitative
microbiological data, the frequency of detection and propor-
tions for each bacterial species were also calculated. To assess
microbiological adverse effects, the overgrowth of other spe-
cies, mainly superinfecting or opportunistic bacteria, such as
enteric, was monitored, especially in Dentaid-1 plates.
Clinical variables at the sampled sites were specifically
recorded with an electronic probe (Florida Probe, Gainesville,
FL, USA) using a controlled force of 25 g and measured to the
closest 0.5 mm, in addition to full-mouth clinical recording.
The following parameters were registered:
& Probing depth (PD)—the distance between the gingival
margin and the bottom of the pocket. It was recorded with
an electronic probe (Florida Probe) using a controlled force
of 25 g and measured to the closest 0.5 mm. This electronic
probing system has two description modes, the graphic
display and the data mode. In the graphic display, it auto-
matically segments PD in three categories: shallow (1–
4 mm), moderate (5–6 mm) and deep (≥7 mm). In the data
mode, the moderate category, however, starts when PD
≥4.5 mm. In this investigation, PD ≥4.5 mm at baseline
in the data mode (equivalent to ≥5 mm in the graphic dis-
play) were selected for laser application in the test group.
& Recession (REC)—the distance between the gingival mar-
gin and the cementoenamel junction or the margin of the
restoration.
& BOP—presence/absence of bleeding within 15 s after
probing [35].
& Plaque—absence/presence of plaque after staining with
erythrosine (Plac Control, Dentaid, Barcelona, Spain).
Data analysis
An intention-to-treat (ITT) analysis was performed. Colony-
forming units were log transformed to fit a normal distribu-
tion. This process was carried out for total counts and for
counts of the most common pathogenic species for which a
0 value (no detection) was changed to 99 for convenience in
log calculation. In addition, their proportions were trans-
formed in parts per one to achieve a normal distribution. Both
log-transformed counts and proportions were evaluated, firstly
intra-group, evaluating the changes between baseline,
3 months and 1 year. Statistical tests were performed separate-
ly for the test and control group, by means of ANOVA con-
sidering the visit as factor and smoking, age and gender as
covariates. Inter-group comparisons were performed at base-
line (ANOVA with group as factor) and for the differences
between each follow-up visit and baseline (ANOVA with
treatment as factor and smoking, age and gender as
covariates).
For the analysis of the changes in the frequency of detec-
tion of pathogens, a chi-square test in 2×2 contingency tables
was used.
After checking normality using the Kolmogorov–Smirnov
test, the clinical changes of the selected sites for the microbi-
ological analysis were analysed. For inter-group comparisons,
the t test was used and the Bonferroni correction was applied
(level of significance p≤0.01). For intra-group comparisons,
ANOVA tests with the multiple-rank test were used for iden-
tifying differences between visits. In case of non-normal dis-
tributions, the Kruskal–Wallis test was used.
All comparisons were analysed (Statgraphics 5.1, Statpoint
Technologies, Warrenton, VA, USA) using two tails and a
significance level of <0.05, except when Bonferroni correc-
tion was needed.
Results
Out of the 62 consecutive screened patients, 44 fulfilled the
inclusion criteria and 40 agreed to participate by signing the
informed consent. All these patients completed the 3-month
evaluation; however, two in the test and one in the control
group were unable to attend the 1-year visit (Fig. 1).
The demographic characteristics at baseline are shown in
Table 1. The full-mouth clinical results have been reported in a
previous publication [22].
Microbiological results were available from 20 control and
19 test patients. One sample from a patient in the control group
(non-smoker, female) was contaminated and, therefore, not
analysed at baseline. At the 1-year evaluation, four samples
could not be processed, two in the control group (one male
and one female, both non-smokers) and two in the test group
(one male and one female, both smokers).
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Minor changes were detected for the log-transformed total
anaerobic counts, without demonstrating significant differ-
ences between groups (Table 2). In the control group, a limited
impact was observed after 3 months (from 6.97 to 6.95),
whereas at 1 year a minor reduction was detected (6.69). In
the test group, some reductions were observed after 3 months
(from 6.79 to 6.70), with a rebound after 1 year (6.93).
For the frequency of detection of target pathogenic species,
no significant differences were detected between groups at
baseline. The most prevalent species (over 70 %) were
F. nucleatum, P. intermedia and P. gingivalis. T. forsythia was
more frequent in the control group (40.0 versus 15.8 %, p=
0.18) andP. micra in the test group (52.6 versus 30%, p=0.27).
The microbial changes after both interventions are depicted in
Table 3. No significant microbiological impact was detected
after any of the treatments. In the test group, T. forsythia in-
creased from 15.8 to 42.1 % after 3 months (p=0.15), while
Eikenella corrodens decreased from 26.3 to 5.9 % after
12 months (p=0.23). In the control group, C. rectus increased
from 5.0 to 27.8 % after 12 months (p=0.23), and P. micra
decreased from 3 to 12 months (45.0 to 16.7 %, p=0.13).
When evaluating the proportion of the pathogens (target
species) in respect to the total flora, no significant differences
were detected between groups at baseline, although there was
a tendency towards higher proportions of F. nucleatum in the
test group (p=0.06). The highest mean proportions were ob-
served for P. gingivalis (around 16 %) and P. intermedia
(9.50–10.24 %). After treatment, no significant changes were
observed between or within groups (Table 3). In the test
group, a tendency was detected in decreasing the proportions
of E. corrodens from baseline to 12 months (p=0.066). In the
control group, a significant reduction in P. intermedia was
observed between baseline and 12 months (p=0.014) and a
tendency for an increase in T. forsythia from baseline to 3 and
12 months (p=0.090).
The overgrowth of opportunistic species was also evaluat-
ed. Candida spp. were detected in three patients at baseline,
two in the control group and one in the test group.At 3months,
two patients in the control group harboured Candida spp., and
at 1 year, only one patient, also in the control group. No other
superinfecting species were detected.
The mean values and changes for the clinical variables of
sampled sites, at each visit, are depicted in Table 4. At
3 months, PD, BOP and plaque index were significantly re-
duced in both groups, although gingival recession increased.
At 12 months, there was a small relapse in PD, although not
Fig. 1 CONSORT flow diagram
of the study
Table 1 Demographic characteristics of the patient sample at baseline
Test group Control group Overall
Number of included patients 19 21 40
Mean age (range)* 48.5 (37:71) 56.8 (39:71) 52.8
Gender (male/female) 7:12 5:16 12:28
Smokers (>10 cigarettes/day) 10 7 17
Mean number of teeth 26.0 24.8 25.4
*Statistically significant differences between groups at baseline; p<0.027
Table 2 Log of total colony-forming units, expressed as mean,
standard deviation (SD) and 95% confidence interval (95% CI), per visit
and group
Visit Number Mean SD 95 % CI
Control group Baseline 20 6.97 0.63 6.69 7.26
3 months 20 6.95 0.63 6.66 7.23
1 year 18 6.69 0.64 6.39 6.99
Test group Baseline 19 6.79 0.65 6.48 7.10
3 months 19 6.70 0.65 6.39 7.01
1 year 17 6.93 0.66 6.61 7.26
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statistically significant, whereas the plaque index and BOP
kept decreasing. No statistically significant differences be-
tween groups were seen for any of the clinical variables, ex-
cept for the reduction in PD after 12 months, which was great-
er in the test than in the control group (−1.97 mm versus
−1.50, respectively; p=0.01).
Discussion
The results of this clinical trial have shown a limited impact on
the studied microbiological outcome variables with both treat-
ments and when comparing both non-surgical treatment pro-
tocols, there were no significant microbiological differences
after 1 year.
These results did not correlate with the clinical outcomes
from this study, both at a full-mouth level [22] and at the
sampled sites level (reported in the present paper). The full-
mouth clinical results showed that both therapies were effec-
tive in improving the clinical outcomes up to 12 months, with
better results with the adjunctive laser application in terms of
reduction in the proportion of sites with deep pockets (PD
≥4.5 mm) and in the proportion of Bopen pockets^ (PD≥
4.5 mm+BOP). In the sampled sites, both modes of therapy
obtained a significant reduction in PD, BOP and plaque index
up to the 1-year evaluation, with the adjunctive laser applica-
tion achieving a significantly higher reduction in PD
(−1.97 mm versus −1.50; p=0.01). These beneficial clinical
results with the adjunctive use of the Er:YAG laser, however,
could not be explained by a possible significant microbiolog-
ical impact, at least with the methods used in this
investigation.
The microbiological impact of the use of Er:YAG laser in
the non-surgical treatment of chronic periodontitis has been
Table 3 Frequency of detection (freq) and mean log-transformed
colony-forming units (CFU-logt) of target species, with the number of
samples processed (n), the number of positive samples for each target
species (n+) and the mean proportions of microflora in positive samples
(prop+), per visit (baseline [Bs], 3 months and 1 year ) and group (control
[C] and test [T])
Visit Group Outcome Aa Pg Pi Tf Pm Cr Fn Cap Ec Eu
Bs C n=20 n+ 2 16 18 8 6 1 20 5 3 0
Freq (%) 10.0 80.0 90.0 40.0 30.0 5.0 100 25.0 15.0 0.0
CFU-logt 3.08 6.39 6.2 5.23 5.05 4.12 5.62 4.35 4 1.99
Prop+ (%) 0.36 16.02 10.24 2.25 4.73 1.37 3.23 0.94 0.62 na
T n=19 n+ 1 14 16 3 10 1 19 3 5 1
Freq (%) 5.3 73.7 84.2 15.8 52.6 5.3 100 15.8 26.3 5.3
CFU-logt 3.19 6.29 5.91 4.49 5.58 3.84 5.55 4 4.42 4.92
Prop+ (%) 0.18 16.34 9.50 2.69 8.25 0.80 5.76 9.04 1.22 13.19
3 months C n=20 n+ 1 15 18 6 9 3 19 2 3 0
Freq (%) 5.0 75.0 90.0 30.0 45.0 15.0 95.0 10.0 15.0 0.0
CFU-logt 4.3 6.4 5.52 5.28 5.12 4.14 5.45 3.86 3.6 1.99
Prop+ (%) 4.14 14.77 3.09 4.06 2.60 1.41 3.58 1.25 0.81 na
T n=19 n+ 1 17 16 8 9 2 18 2 2 2
Freq (%) 5.3 89.5 84.2 42.1 47.4 10.5 94.7 10.5 10.5 10.5
CFU-logt 3.03 6.41 5.6 5.32 4.92 4.33 5.51 4.32 3.62 4.62
Prop+ (%) 0.14 10.02 4.31 5.15 4.34 1.72 4.39 0.68 0.51 2.56
1 year C n=18 n+ 1 16 15 9 3 5 17 4 0 1
Freq (%) 5.6 88.9 83.3 50.0 16.7 27.8 94.4 22.2 0.0 5.3
CFU-logt 3.41 6.59 5.62 5.66 4.31 4.59 5.72 4.25 1.99 4.44
Prop+ (%) 0.34 19.07 3.85† 6.49 3.66 1.24 4.73 1.14 na 7.69
T n=17 n+ 2 14 15 7 10 3 15 2 1 1
Freq (%) 11.8 82.4 88.2 41.2 58.8 17.6 88.2 11.8 5.9 5.9
CFU-logt 3.82 6.72 6.27 5.37 5.19 4.6 5.55 4.09 2.89 2.89
Prop+ (%) 0.57 19.37 5.95 3.38 3.37 1.05 4.59 1.32 0.55 1.49
No statistically significant differences were detected for any of the microbiological outcome measurements between test and control groups
Aa, Aggregatibacter actinomycetemcomitans; Pg, Porphyromonas gingivalis; Pi, Prevotella intermedia; Tf, Tannerella forsythia; Pm, Parvimonas
micra; Cr, Campylobacter rectus; Fn, Fusobacterium nucleatum; Cap, Capnocytophaga spp.; Ec, Eikenella corrodens; Eu, Eubacterium spp.; na,
not applicable
†Intra-group statistically significant reduction between baseline and 12 months (p=0.014)
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evaluated in other investigations when used either as mono-
therapy or as an adjunct to conventional scaling and root plan-
ing (SRP). When using Er:YAG laser alone, most of the stud-
ies were not able to report better microbiological outcomes,
when compared to conventional debridement. Schwarz et al.
[28] compared the use of Er:YAG laser to conventional SRP
after 1 and 2 years in a split-mouth study, using darkfield
microscopy, and they showed that both groups increased the
number of cocci and reduced the spirochetes after 1 year, with
a similar relapse in the pathogenic morphotypes after 2 years.
Also using a similar methodology (contrast phase microsco-
py), Malali et al. [29] compared the use of Er:YAG laser to
curettes or ultrasonic devices in a parallel study, and again
after 7 and 90 days, all the groups showed similar reduction
in the pathogenic morphotypes, with better results in the cu-
rette group. Derdilopoulou et al. [30], with a semi-quantitative
polymerase chain reaction (PCR) commercial assay, com-
pared (after 3 and 6 months) the use of Er:YAG to curettes,
sonic and ultrasonic devices, using a split-mouth design,
reporting no significant differences among groups, but show-
ing a significant microbiological impact with all treatments,
including the laser. Conversely, Lopes et al. [31] also in a split-
mouth study using PCR reported better microbiological out-
comes with the use of Er:YAG alone or in conjunction with
conventional SRP after 12 months, when compared to con-
ventional SRP.
When Er:YAG laser has been used as an adjunctive to
conventional SRP, similar outcomes have been reported in
different investigations. Yilmaz et al. [32] compared, by
means of culturing techniques, conventional SRP alone
with the adjunctive use of the Er:YAG laser or systemic
metronidazole, and after 3 months, all groups showed sig-
nificant reductions in total counts and in the proportions of
anaerobic bacteria. Similar outcomes without significant
differences in the microbiological outcomes among groups
were reported by the same research group in another study
using similar microbiological methodology, when compar-
ing conventional SRP alone with the adjunctive use of
Er:YAG laser or ozone [33].
The microbiological impact of the application of
Er:YAG laser has also been studied in the treatment of
residual pockets during supportive periodontal therapy,
again without demonstrating a significant added value to
conventional mechanical root debridement with ultrasonic
devices and/or curettes. Tomasi et al. [40] using DNA–
DNA checkerboard technology compared these two treat-
ment modalities in a split-mouth designed study showing
that both groups similarly reduced the main periodontal
pathogens, with a tendency to relapse for the red complex
after 30 days. Ratka-Krüger et al. [41] also failed to dem-
onstrate any significant microbiological effect, using a
commercial PCR technology, after a single laser applica-
tion at 13 and 26 weeks, and differences with conventional
debridement were not significant. Repeated Er:YAG laser
applications every 3 months during supportive periodontal
therapy have also been evaluated and compared with re-
peated use of ultrasonic devices and curettes, by means of
DNA–DNA checkerboard technology. After 12 months,
Table 4 Mean values, standard deviation (SD) and changes with baseline (∆) for the clinical parameters at the sampled sites at different time points
Outcome Baseline 3 months 12 months
n Mean SD n Mean SD ∆ n Mean SD ∆
PD (mm)
Test 19 6.01 0.74 19 3.90* 0.94 −2.10 (0.61) 17 3.96* 0.78 −1.97 (0.59)†
Control 21 6.02 1.00 21 4.23* 1.08 −1.79 (0.57) 20 4.43 1.02 −1.50 (0.46)
REC (mm)
Test 19 0.67 0.68 19 1.17* 0.68 −0.50 (0.85) 17 1.36* 0.63 −0.63 (0.80)
Control 21 0.72 0.62 21 1.06* 0.40 −0.34 (0.57) 20 1.26* 0.55 −0.51 (0.56)
BOP (%)
Test 19 100 0 19 50* 34 −50 (34) 17 38* 24 −62 (24)
Control 21 100 0 21 42* 32 −58 (32) 20 41* 23 −59 (23)
PI (%)
Test 19 84 30 19 34* 25 −50 (32) 17 16*‡ 23 −66 (39)
Control 21 92 16 21 38* 26 −54 (27) 20 14*‡ 21 −78 (27)
SD standard deviation, PD probing depth, REC recession, BOP bleeding on probing, PI plaque index,∆ change between the visit and baseline expressed
as mean (SD)
*Intra-group statistically significant differences from baseline
‡Intra-group statistically significant differences from 3 to 12 months
†Inter-group statistically significant differences (p≤0.01)
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both groups significantly reduced periodontal pathogenic bac-
teria, but no differences were detected between groups [42].
The microbiological results reported in this investigation
were in agreement with most published evidence failing to
demonstrate a statistically significant microbiological benefit
when using the Er:YAG laser application. Moreover in this
investigation, as in other reported studies, the use of adjunc-
tive Er:YAG laser did not result in a significant microbiolog-
ical impact. These discrepancies can be explained by different
factors, as the differences in microbiological technologies
used (visual, culture-based, molecular), the selection of popu-
lations with different microbiological profiles, the type and
severity of periodontal disease, the type of treatment per-
formed [43], the sampling strategy [44], or the different study
designs (parallel versus split-mouth). Nevertheless, despite all
these factors, the possible added microbiological effect of the
use Er:YAG laser seems to be limited in time, since bacterial
recolonization seems to occur [45].
In spite of the lack of microbiological differences when
comparing both treatment protocols, we have reported bene-
fits in the clinical parameters for the Er:YAG laser therapy
group both for the full-mouth and the sample sites data. This
apparent discrepancy might be explained by the possible
changes in the root surface and/or the differential capability
of removal of mineralized deposits attained with the laser
application [46]. Pourzarandian et al. [47] reported that
Er:YAG laser enhanced the connective tissue repair process
by promoting fibroblast cell growth resulting in reduced prob-
ing depths and improved attachment levels.
When evaluating the results from the present clinical
trial, some inherent limitations should be taken in consid-
eration. We aimed to reduce the operator bias on the use of
the Er:YAG laser therapy by using different operators for
each treatment protocol, but this may have influenced the
results, in spite of a calibration session run in 10 patients
before starting the study. Another possible limitation was
the double instrumentation of moderate to deep pockets in
the test group, whereas in the control group those pockets
were debrided just once, but the aim was not to compare an
adjunctive therapy but rather two distinct treatment proto-
cols with a well-established rationale. Another important
aspect explaining the lack of microbiological differences
may be the limited sample size, which was calculated
based on the changes in clinical outcome variables and
not on microbiological outcomes.
In summary and taking into consideration these limitations,
the results from the present clinical trial failed to demonstrate
microbiological advantages when using Er:YAG laser appli-
cation 1 week after a full-mouth ultrasonic debridement in
patients with chronic periodontitis.
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*El! objetivo! principal! de! este! trabajo! fue! evaluar! los! avances! en! el! tratamiento! no!quirúrgico! de! las! periodontitis,! y! estudiar! el! efecto! clínico! y! microbiológico! de! un!protocolo!de!tratamiento!periodontal!que!empleaba!el!láser!de!Er:YAG!como!coadyuvante!al! desbridamiento! subgingival! con!ultrasonidos,! en! comparación! a! un!protocolo! de!RAR!convencional.! La! hipótesis! concreta! fue! que! la! aplicación! de! un! nuevo! protocolo! que!empleaba! el! láser! de! Er:YAG! en! las! localizaciones! iniciales! con! una! PS≥4,5! mm,! una!semana! después! de! una! sesión! de! desbridamiento! de! boca! completa! con! ultrasonidos,!puede!ofrecer!beneficios!desde!el!punto!de!vista!clínico!y!microbiológico!en!comparación!a!un! protocolo! convencional,! que! incluía! dos! sesiones! de! desbridamiento! subgingival! con!ultrasonidos! separadas! una! semana.! Los! resultados! de! la! revisión!narrativa! (Sanz! et! al.,!2012)! y!del! ensayo! clínico! aleatorizado! (SanzPSánchez! et! al.,! 2015a;! SanzPSánchez! et! al.,!2015b)!parecen!confirmar!que!existen!numerosos!avances,!especialmente!en!el!campo!de!los! láseres,!y!que!se!pueden!emplear!en!el! tratamiento!de! la!periodontitis,!pero!también!que,!hasta!el!momento!actual,! los!datos!disponibles!no!ofrecen!beneficios!claros!desde!el!punto!de!vista!clínico!y/o!microbiológico.!!!
Modificaciones*en*las*terapias*convencionales*y*en*los*protocolos*de*actuación*!En! los! últimos! años! se! han! propuesto! distintas! estrategias! terapéuticas! para! tratar! de!solventar!las!limitaciones!(ya!explicadas!en!la!Introducción)!que!presenta!el!RAR!desde!el!punto!de!vista!clínico!y!microbiológico,!y!así!tratar!de!evitar!o!reducir!la!necesidad!de!los!procedimientos!de!cirugía!periodontal.!En!el!VII!Workshop!Europeo!de!Periodoncia!(2008)!se! revisaron! ampliamente! y! se! analizaron! de! manera! crítica! las! innovaciones! en! el!tratamiento!periodontal!no!quirúrgico!(Sanz!y!Teughels,!2008).!Al!evaluar!los!avances!en!los!sistemas!de!instrumentación!con!ultrasonidos!(Walmsley!et!al.,!2008)!y!en!los!láseres!(Schwarz!et!al.,!2008),!se!llegó!al!siguiente!consenso:!P Los! nuevos! instrumentos! o! tecnologías! deben! evaluarse! en! ensayos! clínicos!aleatorizados!independientes!de!las!compañías!que!los!comercializan;!P Los!estudios!clínicos!deben!informar!sobre!las!condiciones!de!uso!y!trabajo!de!los!instrumentos!empleados;!P Son! necesarias! las! variables! relacionadas! con! el! paciente,! como! el! dolor! y! las!molestias;!
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P El! papel! de! la! cavitación! y! de! la! corriente! acústica! de! los! dispositivos! sónicos! y!ultrasónicos!debe!establecerse!en!modelos!in!vivo.!!En!este!contexto,!el!primer!artículo!de!esta!tesis!(Sanz!et!al.,!2012)!ha!tratado!de!actualizar!la!evidencia!disponible!(ensayos!clínicos!aleatorizados)!en!estos!avances!terapéuticos!en!términos!de!las!modificaciones!de!la!terapia!convencional,!de!los!protocolos!de!actuación!y!del!desarrollo!de!nuevas!tecnologías.!De!manera!adicional,!se!puede!considerar!el!uso!de!tratamientos! coadyuvantes,! que! ha! sido! comentado! en! la! Introducción,! y! que! no! se!considerará!dentro!de!esta!Discusión.!! *Como! se! ha! explicado,! la! terapia! convencional! se! puede! modificar! (además! de! con!tratamientos! coadyuvantes)! desde! varios! puntos! de! vista:! cambiando! los! instrumentos!manuales! o! automáticos,! ! cambiando! los! protocolos! de! actuación! del! desbridamiento!mecánico,!o!desarrollando!nuevas!tecnologías.!!En!cuanto!al!cambio*de* la* forma* y* tamaño*de* los* instrumentos*de*desbridamiento*
mecánico* y* automático,! se! busca! conseguir! un! mejor! acceso! para! el! desbridamiento!mecánico.!En!este!sentido!se!modifican!el! tamaño,! forma,!grosor!y!curvatura!de! la!parte!activa!de!las!curetas!y!de!las!puntas!de!ultrasonidos,!con!el!fin!de!alcanzar!localizaciones!posteriores,! estrechas! o! profundas,! así! como! las! lesiones! de! furca.! En! este! contexto,! se!publicó!un!ensayo!clínico!que!encontró!que!el!uso!de!unas!nuevas!puntas!de!ultrasonidos!más! finas!se!asociaba!con!mayor!pérdida!de! inserción! inmediata!al! tratamiento!pero!sin!diferencias! en! la! respuesta! clínica! a! los! dos! meses! en! comparación! a! las! puntas!convencionales!(Casarin!et!al.!2010).!!Sin!embargo,! la!mayor!parte!de!estudios!publicados!se!centran!en!mejorar! la!percepción!del!tratamiento!por!parte!de!los!pacientes!(efectividad/eficiencia).!La!revisión!incluida!en!este!trabajo!de!investigación!(Sanz!et!al.,!2012)!encontró!un!ensayo!clínico!que!comparaba!la!percepción!por!parte!del!paciente!de!las!molestias!y!la!sensación!de!vibración,!durante!la! instrumentación,! con! un! sistema! de! ultrasonidos! piezoeléctrico! o! uno!magnetoestrictivo,! con! preferencia! de! los! sujetos! hacia! los! sistemas! piezoeléctricos!(Muhney!et!al.,!2012).!Con!el!fin!de!disminuir!la!sensación!de!dolor!y/o!sensibilidad!de!los!pacientes! durante! la! instrumentación! sin! necesidad! de! infiltrar! anestesia! (con! los!consiguientes!efectos!no!deseados!y!morbilidad!de! la! técnica),! se!ha!estudiado!el!uso!de!distintos!anestésicos!tópicos!o!electrónicos.!En!un!estudio!se!comparó!el!uso!o!no!de!EMLA!(Eutetic!Mixture! of! Local!Anesthetics)! con! ultrasonidos! o! curetas! y! se! vio! que! hubo! una!
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disminución!del!dolor!cuando!el!EMLA!se!empleaba!junto!con!ultrasonidos!(Chung!et!al.,!2011),! mientras! que! en! otro! se! compararon! tres! sistemas! de! anestesia! tópica! (EMLA,!parches!de!lignocaína!y!anestesia!electrónica)! junto!al!RAR!con!curetas,!con!resultados!a!favor!del!EMLA!y!de!los!parches!de!lignocaína!(Pandit!et!al.,!2010).!!En!resumen,!la!mayor!parte!de!las!modificaciones!estudiadas!no!han!conseguido!mejorar!los!resultados!clínicos!del!RAR!convencional,!aunque!en!algunos!casos!se!ha!disminuido!la!sensación! de! dolor! o! las! molestias! por! parte! de! los! pacientes.! Sin! embargo,! estos!resultados!derivan!de!muy!pocos!estudios!con!muestras!de!pacientes!muy!pequeñas,!por!lo! que! se! necesitan! más! ensayos! clínicos! aleatorizados! que! se! adhieran! a! las! guías!CONSORT! (Consodilated! Standards! of! Reporting! Trials)! con! el! fin! de! determinar! el!verdadero!valor!añadido!de!los!instrumentos!y!las!técnicas!en!el!tratamiento!periodontal!no!quirúrgico.!!!En!cuanto!a!los!protocolos*de*tratamiento,!estos!se!han!visto!modificados,!reduciéndose!el! intervalo! de! citas,! aumentando! el! número! de! cuadrantes! tratados! en! cada! una! e!implementando!el!abordaje!antimicrobiano!sobre!otros!nichos!orales!distintos!a! la!bolsa!periodontal.! El! objetivo! de! estos! cambios! con! respecto! al! tratamiento! convencional! por!cuadrantes! en! intervalos! de! una! semana! se! ha! fundamentado! en! obtener! un! beneficio!desde!el!punto!de!vista!clínico!y!microbiológico!en!un!menor!tiempo!de!tratamiento,!con!los!consiguientes!beneficios!para!el!paciente.!Los!resultados!de!la!revisión!incluida!en!este!trabajo! de! investigación! (Sanz! et! al.,! 2012)! muestran! como! se! publicaron! tres! nuevos!ensayos! clínicos! que! comparaban! distintas! variaciones! del! protocolo! con! respecto! al!tratamiento!convencional!por!cuadrantes!(Knöfler!et!al.,!2011;!Santos!et!al.,!2012;!Zijnge!et!al.,!2011)!y!un!ensayo!en!el!que!comparaban!un!protocolo!de!desbridamiento!de!boca!completa! con! ultrasonidos! junto! al! uso! coadyuvante! de! un! dentífrico! de!triclosán/copolímero! frente!al!mismo!protocolo!de!desbridamiento!pero! con!un!placebo!(Pera!et!al.,!2011).!Cuando!se!comparó!el!realizar!un!protocolo!de!desbridamiento!de!boca!completa! en! una! o! dos! sesiones! dentro! de! un! periodo! de! 24! horas! (ultrasonidos! y/o!curetas),!con!el!tratamiento!convencional!en!2P4!sesiones!espaciadas!entre!3!y!5!semanas!(ultrasonidos!y/o!curetas),!no!se!obtuvieron!ningunas!diferencias!desde!el!punto!de!vista!clínico,!microbiológico!o!de!los!marcadores!de!inflamación!(Knöfler!et!al.,!2011;!Santos!et!al.,! 2012;! Zijnge! et! al.,! 2011),! aunque! en! un! estudio! se! concluyó! que! el! protocolo! de!desbridamiento! de! boca! completa! puede! ralentizar! la! recolonización! de! la! lesión!periodontal! ! (Zijnge!et! al.,! 2011).!Por!el! contrario,! el!uso!preventivo!de!un!dentífrico!de!triclosán/copolímero!después!de!un!protocolo!de!desbridamiento!de!boca! completa! con!
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*En! la!última!década! se! están!desarrollando!nuevas! tecnologías! con!el! fin!de!mejorar! los!resultados! obtenidos! con! los! instrumentos! convencionales,! tanto! manuales! como!automáticos,! en! el! tratamiento! no! quirúrgico! de! la! periodontitis! crónica.! En! la! revisión!incluida!en!este!trabajo!de!investigación!(Sanz!et!al.,!2012),!se!encontraron!cuatro!grupos!de!desarrollo!de!estos!avances!tecnológicos:!modificaciones!en!los!sistemas!automáticos,!sistemas!de!aire!abrasivo,!endoscopia!y!láseres.!!
Nuevos'sistemas'sónicos'y'ultrasónicos'Los!nuevos!sistemas!sónicos!y!ultrasónicos!se!lanzan!al!mercado!con!la!idea!de!ser!capaces!de!eliminar!correctamente!el!biofilm!y!el!cálculo,!pero!a!su!vez,!tratando!de!disminuir!los!efectos! adversos! asociados! a! los! sistemas! automáticos! convencionales,! como! son! la!hipersensibilidad! dentinaria! que! inducen,! los! cambios! térmicos! que! pueden! afectar! la!pulpa,!los!cambios!en!el!tejido!gingival!marginal,!la!transmisión!de!bacterias!por!medio!de!los!aerosoles,!las!lesiones!acústicas!y!los!posibles!efectos!adversos!sobre!los!marcapasos.!En!este!sentido,!se!ha!desarrollado!el!sistema!Vector®!(Dürr!Dental,!BietigheimPBissingen,!Alemania)!que!es!una!modificación!de!un!sistema!de!ultrasonidos!convencional!que!tiene!un! anillo! resonante! que! transforma! la! vibración! horizontal! en! vertical,! de!modo! que! la!
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punta! trabaja!en!sentido!paralelo!a! la! superficie! radicular.!La! idea!es!que!con!el! sistema!Vector®! se! pueda! ofrecer! un! tratamiento!más! eficaz! en! términos! de! reducción! de! PS! y!ganancia! de! NIC,! pero! con! menos! molestias! para! el! paciente,! en! comparación! a! los!sistemas!convencionales.!Sin!embargo,! la!evidencia!clínica!no!corrobora!esta!hipótesis!y,!por! el! contrario,! se! ha! demostrado! que! aunque! este! sistema! pueda! obtener! resultados!clínicos! y! microbiológicos! similares! a! los! obtenidos! con! los! instrumentos! manuales! o!automáticos!convencionales!en!bolsas!periodontales!moderadas/profundas,!necesita!más!tiempo!de!instrumentación!(menor!eficiencia)!y!es!peor!en!el!desbridamiento!de!grandes!depósitos!de! cálculo! (menor! eficacia)! (Slot! et! al.,! 2008;!Guentsch! y!Preshaw,!2008).! Por!ello,!este!nuevo!sistema!de!ultrasonidos!no!se!puede!recomendar!como!una!alternativa!al!RAR!convencional!(menor!eficacia!y!menor!eficiencia)!y!su!uso!puede!tener!sentido!en!el!desbridamiento! mecánico! durante! el! mantenimiento! periodontal,! donde! suele! haber!depósitos!de!cálculo!menos!abundantes.!!Por! otro! lado,! se! ha! lanzado! al! mercado! el! sistema! PerioScan®! (Sirona,! Bensheim,!Alemania),!que!consiste!en!un!ultrasonido!piezoeléctrico!convencional!que! incorpora!un!sistema!de!detección!de!cálculo!que!discrimina!por!medio!de!una!señal!acústica!y!visual!la!detección!de!una!superficie!radicular!limpia!y!suave.!Per!se,!no!modifica!el!modo!en!el!que!se! realiza! el! desbridamiento,! si! no! que! indica! la! localización! donde! deberíamos! seguir!instrumentando!para!conseguir!una!mayor!eliminación!del!biofilm!y!del!cálculo.!Cuando!se!ha!hecho!el!estudio!de!su!capacidad!diagnóstica!en!la!detección!de!cálculo,!se!ha!visto!que!tiene!un!valor!predictivo!positivo!de!0,59!y!un!valor!predictivo!negativo!de!0,97,!es!decir,!que!es!un!buen!sistema!para!detectar!que!una!superficie!está!limpia,!pero!no!es!tan!bueno!en! su! capacidad! de! detectar! el! cálculo! (Meissner! et! al.,! 2008).! Sin! embargo,! no! se! han!encontrado!estudios!comparativos!que!evalúen!su!eficacia!en!comparación!a!los!sistemas!convencionales!de!desbridamiento,!ya!sea!con!curetas!o!con!ultrasonidos!convencionales.!!
Sistemas'de'aire'abrasivo'Los!sistemas!de!aire!abrasivo!funcionan!“chorreando”!a!presión!agua,!aire!y!un!polvo.!El!uso!del! bicarbonato! como!polvo! abrasivo! lleva!usándose! en! el! campo!de! la!Odontología!desde!hace!muchos!años! con!el! fin!de!eliminar! los!depósitos!blandos!y! las! tinciones!del!esmalte.!Sin!embargo,!su!uso!sobre!la!superficie!radicular!y!en!el!interior!de!la!bolsa!o!el!surco!periodontal!está!contraindicado!por!su!alto!grado!de!abrasividad,!pudiendo!causar!daños!a!nivel!de!los!tejidos!duros!y!blandos!(KontturiPNarhi!et!al.,!1990).!Recientemente,!se! ha! desarrollado! un! polvo! de! baja! abrasividad,! con! un! aminoácido! esencial,! la! glicina,!que! es! capaz! de! eliminar! el! biofilm,! tanto! a! nivel! supraP! como! subPgingival! sin! causar!
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daños!en!los!tejidos!duros!ni!blandos!(Petersilka!et!al.,!2003).!Sin!embargo,!los!polvos!de!baja!abrasividad!no!tienen!la!capacidad!de!eliminar!cálculo,!por!lo!que!su!uso!está!indicado!principalmente! en! el!mantenimiento! periodontal! y,! hoy! por! hoy,! no! son! una! alternativa!eficaz! en! el! tratamiento! periodontal! no! quirúrgico.! En! este! contexto,! se! han! publicado!recientemente!dos!ensayos!clínicos!aleatorizados!que!han!comparado!el!uso!de!la!glicina!frente!a!las!curetas!(Moene!et!al.,!2010)!o!los!ultrasonidos!(Wennström!et!al.,!2011)!en!el!tratamiento! de! las! bolsas! residuales! en! pacientes! en! mantenimiento! periodontal.! En!ambos! estudios,! se! concluyó! que! el! uso! de! la! glicina! ofrecía! resultados! clínicos! y!microbiológicos!similares!al! tratamiento!convencional,!pero!con!una!mayor!eficiencia!en!términos! de! un!menor! tiempo! de! tratamiento! y! una! clara! preferencia! por! parte! de! los!pacientes.!!
Endoscopia'La!endoscopia!consiste!en!la!utilización!de!una!fibra!de!alta!magnificación!(24P48x),!que!se!introduce! dentro! de! la! bolsa! periodontal.! En! realidad,! no! es! un! sistema! de!instrumentación,!sino!una!herramienta!que!permite!detectar!cálculo!residual!y!así!poder!rePinstrumentar! esa! localización.! Solo! se! ha! publicado! un! estudio! clínico! que! haya!comparado!el!RAR!con!o!sin!el!uso!de! la!endoscopia,!y!no!se!encontraron!diferencias!en!términos!de!reducción!de!PS!o!de!otras!variables!clínicas!(Geisinger!et!al.,!2007).!!
Láseres'Los!láseres!son!una!de!las!nuevas!tecnologías!que!más!se!están!estudiado!en!el!campo!de!la!Periodoncia!por!sus!propiedades!antimicrobianas,!físicas!y!de!ablación.! !Es!importante!entender! las! propiedades! físicas! de! cada! láser! para! saber! cuales! son! sus! indicaciones!dentro! del! campo! de! la! periodoncia.! En! este! contexto,! los! láseres! de! baja! potencia,! los!diodos,! los! láseres!de!Nd:YAG!y!de!CO2!y! la! terapia! fotodinámica!no! tienen!capacidad!de!ablación!del!biofilm!ni!del!cálculo,!por!lo!que!su!uso!es!coadyuvante!a!otra!técnica!de!RAR!y! buscan! mejorar! los! resultados! clínicos! y/o! microbiológicos! en! comparación! al!desbridamiento!mecánico!solo!(Schwarz!et!al.,!2009).!Por!el!contrario,!los!láseres!de!Erbio!(Er:YAG;!Er,Cr:YSGG)!sí!que!tienen!la!capacidad!de!desbridar!biofilm!y!cálculo,!por!lo!que!pueden!suponer!una!alternativa!al!RAR!convencional!y!su!uso!se!ha!evaluado!o!bien!como!único!tratamiento!o!como!coadyuvante!al!desbridamiento!mecánico!para!tratar!de!ofrecer!un!valor!añadido!(Ishikawa!et!al.,!2009).!!Los!resultados!de!la!revisión!incluida!en!este!trabajo!(Sanz!et!al.,!2012)!muestran!como!las!investigaciones!en!el!uso!de!los!láseres!son!las!que!están!más!de!“moda”!dentro!del!campo!
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del!tratamiento!periodontal!no!quirúrgico.!Así,!se!encontró!que!en!el!periodo!entre!2010!y!2012! se! publicaron! 14! ensayos! clínicos! aleatorizados! evaluando! la! eficacia! clínica! de!distintos!protocolos!que!incluían!el!uso!del!láser!en!alguno!de!los!grupos!de!estudio.!!!El!láser!de!baja!potencia!se!evaluó!en!un!estudio!en!el!que!se!comparó!el!RAR!sólo!con!el!uso!repetido!coadyuvante!del!láser!a!1,!2!y!7!días!después!del!desbridamiento!mecánico.!Los! resultados! clínicos,! en! términos! de! reducción! de! la! PS! y! ganancia! de! NIC! fueron!superiores!en!el!grupo!del!láser!de!baja!potencia,!aunque!no!se!encontraron!diferencias!en!los!niveles!de!los!biomarcadores!del!fluido!crevicular!gingival!(Aykol!et!al.,!2011).!!!El! uso! del! láser! de! Nd:YAG! como! coadyuvante! al! desbridamiento! mecánico! con!instrumentos!manuales!o!ultrasonidos!se!evaluó!en!cinco!publicaciones!(Slot!et!al.,!2011;!Eltas! et! al.,! 2012;! Gomez! et! al.,! 2011;! Qadri! et! al.,! 2010;! Qadri! et! al.,! 2011).! Todos! los!estudios,! menos! uno! (Slot! et! al.,! 2011),! evaluaron! el! valor! añadido! del! Nd:YAG! en! las!variables! clínicas! y! en! los! marcadores! inflamatorios! del! fluido! crevicular! gingival! en!periodos! comprendidos! entre! las! 8! semanas! y! los! 20!meses! tras! el! tratamiento.! Dos! de!estos!estudios!también!evaluaron!las!variables!microbiológicas!(Slot!et!al.,!2011;!Gómez!et!al.,!2011),!y!uno!las!variables!relacionadas!con!el!paciente!(Slot!et!al.,!2011).!En!tres!de!los!cinco! estudios,! el! uso! coadyuvante! del! láser! ofreció! un! valor! añadido! en! las! variables!clínicas!y!en!los!marcadores!inflamatorios!(Eltas!et!al.,!2012;!Qadri!et!al.,!2010;!Qadri!et!al.,!2011),!en!un!estudio!sólo!en!los!marcadores!inflamatorios!(Gómez!et!al.,!2011)!y!en!otro!estudio!no!hubo!un!beneficio!adicional!ni!en!las!variables!clínicas,!ni!microbiológicas!ni!en!las!variables!relacionadas!con!el!paciente!(Slot!et!al.,!2011).!Además,!se!evaluó!otro!láser!de! tejidos! blandos! con! una! alta! afinidad! por! la! hemoglobina,! el! láser! de! potasioPtitanilPfosfato!(KTP),!y!se!vio!que!el!uso!de!este!láser!como!coadyuvante!al!RAR!convencional!y!un!enjuague!de!clorhexidina!ofrecían!resultados!clínicos!similares!al!RAR!convencional!junto!a!la!povidona!yodada!(Romeo!et!al.,!2010).!!Los!láseres!de!diodo!se!evaluaron!en!cuatro!ensayos!clínicos:!uno!estudió!el!diodo!de!808Pnm! como! coadyuvante! al! RAR! con! ultrasonidos! y! curetas! con! fines! de! bioPestimulación!(láser!de!baja!potencia)!(Aykol!et!al.,!2011);!y!tres!evaluaron!la!respuesta!clínica!del!diodo!de!810Pnm,!dos!como!coadyuvantes!al!RAR!(De!Micheli!et!al.,!2011;!Lin!et!al.,!2011)!y!uno!como! único! tratamiento! (Cappuyns.,! 2012),! con! periodos! de! seguimiento! entre! las! 4!semanas! y! 6! meses.! De! manera! adicional,! dos! estudios! evaluaron! la! respuesta!microbiológica! (De! Micheli! et! al.,! 2011;! Cappuyns.,! 2012),! uno! los! marcadores! de!inflamación!(Aykol!et!al.,!2011)!y!dos!las!variables!relacionadas!con!el!paciente!(Lin!et!al.,!
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2011;! Cappuyns.,! 2012).! Los! resultados! obtenidos! fueron! muy! heterogéneos,! con! un!estudio! mostrando! beneficios! clínicos! en! el! grupo! del! láser! (Aykol! et! al.,! 2011);! dos!estudios! con!mejores! resultados! en! el! grupo! control! (sin! láser)! (De!Micheli! et! al.,! 2011;!Cappuyns.,! 2012)! y! un! estudio! sin! diferencias! entre! grupos,! aunque! los! pacientes!mostraron!menos!molestias!en!el!grupo!del! láser!(Lin!et!al.,!2011).!De!manera!adicional,!en!un!estudio!posterior!a!la!realización!de!la!revisión!incluida!en!esta!tesis!doctoral,!se!vio!que,! aunque! la! aplicación! coadyuvante! y! repetida! de! un! láser! de! diodo! (670! nm)! no!producía! una! mejoría! en! las! variables! clínicas,! sí! era! capaz! de! reducir! de! manera! más!rápida! y! significativa! los!mediadores! proinflamatorios! y! los!marcadores! de! destrucción!ósea!(Calderín!et!al.,!2013).!!El!último!grupo!de!láseres!que!se!ha!evaluado!son!los!de!Erbio.!Esta!tecnología!es!la!que!tiene!más!aplicaciones!en!Odontología!y!en!Periodoncia,!por!su!capacidad!de!actuar!sobre!tejidos!duros!y!blandos!de!una!forma!segura!(Ishikawa!et!al.,!2004).!Dentro!de!este!grupo!caben!destacar!dos! láseres!empleados! frecuentemente!en!Periodoncia,!el!Er:YAG!y!el!Er,!Cr:YSGG.!!!La! tecnología! Er:YAG! es! una! de! las! que! ha! mostrado! mayor! potencial! de! uso! en! el!tratamiento!de!la!periodontitis!por!su!capacidad!de!eliminar!de!manera!eficaz!la!placa!y!el!cálculo!subgingival!sin!dañar! la!superficie!radicular! (Herrero!et!al.,!2010).!Además,!se! le!han!atribuido!otras!ventajas,! como!son:!posibilidad!de! incorporar!un!sistema!“feedback”!de! detección! de! cálculo! (Figura! 2),! menor! necesidad! de! anestesia,! menor! esfuerzo! por!parte! del! operador,! buena! aceptación! y! mejor! postPoperatorio! del! paciente,! menor!sangrado,! efectos! bactericidas,! mucha! seguridad! por! su! acción! superficial! y! mayor!preservación! del! cemento! radicular! (Ishikawa! et! al.,! 2004).! Sin! embargo,! también! está!sujeto! a! ciertos! inconvenientes,! como! son:! el! tiempo! de! tratamiento! es! mayor! y,!generalmente,! requiere! un! desbridamiento! mecánico! previo;! tiene! una! curva! de!aprendizaje! muy! alta! y! requieren! un! entrenamiento! en! la! técnica! (Figura! 3);! si! no! hay!suficiente! irrigación,! tiene!riesgo!de!sobrecalentamiento!de! las!estructuras!dentarias;!no!solventa!los!problemas!de!acceder!a!zonas!difíciles,!ya!que!las!puntas!que!transmites!la!luz!del!láser!son!de!zafiro!y!muy!rígidas!(Figura!4);!y!son!aparatos!muy!costosos!(Ishikawa!et!al.!2004).!El!uso!de!este!láser!en!el!tratamiento!de!las!periodontitis!comenzó!al!principio!del!año!2000!y!entre!los!años!2010!y!2012!se!publicaron,!al!menos,!tres!ensayos!clínicos.!En! dos! de! ellos! se! comparó! el! uso! del! láser! de! Er:YAG! como! monoPterapia! o! como!coadyuvante! al! RAR! con! un! grupo! de! RAR! sólo! y! con! un! control! negativo! (profilaxis!supragingival!o!ningún!tratamiento).!En!ambos!estudios,!la!combinación!de!RAR!y!láser!no!
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Efectividad* de* un* nuevo* protocolo* de* tratamiento* que* emplea* el* láser* de* Er:YAG*
como*coadyuvante*al*RAR*en*el*tratamiento*de*la*periodontitis*crónica*
*La! segunda!parte!de! esta! tesis!doctoral! evaluó! la! aplicación!de!un!nuevo!protocolo,! que!empleaba! el! láser! de! Er:YAG! con! un! sistema! “feedback”! de! detección! de! cálculo,! una!semana!después!de!una!sesión!de!desbridamiento!de!boca!completa!con!ultrasonidos!en!las! localizaciones! iniciales! con! una! PS≥4,5! mm,! en! comparación! a! un! protocolo!convencional! que! incluía! dos! sesiones! de! desbridamiento! subgingival! con! ultrasonidos,!separadas! una! semana.! Para! ello,! se! llevó! a! cabo! un! ensayo! clínico! aleatorizado,! con! un!diseño! paralelo,! a! simple! ciego! y! con! un! seguimiento! de! 12! meses.! La! eficacia! de! este!protocolo! se! estudió! desde! el! punto! de! vista! clínico! (SanzPSánchez! et! al.,! 2015a)! y!microbiológico!(SanzPSánchez!et!al.,!2015b).!!Los! resultados! clínicos! (SanzPSánchez! et! al.,! 2015a)! de! este! ensayo! clínico! aleatorizado!han!mostrado!como!ambos!protocolos!de! tratamiento! fueron!efectivos!en!el! tratamiento!de! pacientes! con! periodontitis! crónica,! y! resultaron! en! una! mejoría! estadísticamente!significativa! de! la! variable! respuesta! principal! (cambios! en! la! PS)! y! en! la! reducción! del!porcentaje!de!localizaciones!con!SaS.!El!uso!coadyuvante!del!láser!en!las!localizaciones!con!una!PS! inicial!moderada/profunda! (≥!4,5!mm)! resultó! en!un!menor!porcentaje! de! estas!localizaciones! a! los! 12! meses,! en! el! grupo! test! en! comparación! con! el! grupo! control!(17,44%!versus!22,83%,!respectivamente;!p=0,04),!con!una!reducción!de!casi!el!doble!(P11,86%!versus!P6,24%;!p=0,07).!También!se!vio!una!tendencia!a!la!significación!respecto!a!la!comparación!en!la!variable!de!cambio!en!bolsas!“abiertas”:!los!pacientes!en!el!grupo!del!láser! tenían!menos!bolsas! “abiertas”!a! los!12!meses!que! los!pacientes!del!grupo!control,!definidas! como! aquellas! localizaciones! con! una! PS! ≥4,5! mm! y! con! SaS! (6,47%! versus!11,05%,!respectivamente;!p=0,052).!De!manera!similar,!la!reducción!media!de!la!PS!en!los!localizaciones!iniciales!≥4,5!mm!fue!mayor!en!el!grupo!del!láser,!aunque!las!diferencias!no!fueron! estadísticamente! significativas! (P0,6! mm! versus! P0,49! mm,! respectivamente;!p=0,081).!!Sin! embargo,! el! efecto! global! del! tratamiento! en! este! estudio! clínico! fue!moderado!para!ambos!grupos!de! tratamiento! (reducción!de!PS!de!0,52!mm!en!el!grupo!del! láser!y!0,36!mm!en! el! control),! lo! que! se! situaba! por! debajo! del! límite! empleado! para! el! cálculo! del!tamaño!muestral.!Sin!embargo,!estos!resultados!se!pueden!explicar!por!las!características!de!la!población!de!estudio!incluida,!con!una!PS!media!en!basal!de!3,07!mm!y!un!porcentaje!relativamente! bajo! de! bolsas! iniciales! moderadas/profundas! (30%).! Aun! así,! ambas!
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modalidades! de! tratamiento! redujeron! de! manera! significativa! las! variables! respuesta!principales! (PS! y! SaS),! aunque! no! se! puede! saber! si! las! diferencias! existentes! entre! los!grupos!se!debieron!al!uso!coadyuvante!del!láser!de!Er:YAG!o!al!hecho!de!haber!comparado!dos!protocolos!de!tratamiento!distintos.!!El! efecto* clínico* del* uso* coadyuvante* del* láser* de* Er:YAG! se! ha! evaluado! en! otras!investigaciones! con! resultados! contradictorios! (Tabla! 1).! Así,! por! ejemplo,! un! estudio!encontró! que,! después! de! 3! meses,! la! combinación! de! RAR! con! el! Er:YAG! obtuvo! una!mayor!reducción!de!PS!y!una!mayor!ganancia!de!NIC!que!el!RAR!solo!o!en!combinación!al!metronidazol.! Sin! embargo,! el! valor! clínico! añadido! se! perdió! en! las! visitas! sucesivas!(Yilmaz!et!al.,!2012).!El!mismo!grupo!de!investigación!encontró!unos!resultados!similares,!con!mejores!resultados!clínicos!para!la!combinación!de!RAR!con!Er:YAG!en!comparación!al!RAR!solo!o!combinado!con!terapia!con!gas!de!ozono!(Yilmaz!et!al.,!2013).!Por!el!contrario,!en! dos! estudios! se! comparó! el! uso! del! láser! de! Er:YAG! como! monoPterapia,! o! como!coadyuvante! al! RAR,! con! un! grupo! de! RAR! sólo! y! con! un! control! negativo! (profilaxis!supragingival!o!ningún!tratamiento).!En!ambos!estudios,!la!combinación!de!RAR!y!láser!no!obtuvo! un! beneficio! clínico! adicional! en! comparación! al! RAR! sólo,! pero! sí! obtuvieron!mejores! resultados! que! el! grupo! de! Er:YAG! sólo! y! que! el! control! negativo! (Lopes! et! al.,!2010;!Rotundo!et!al.,!2010).!También!se!ha!estudiado!la!combinación!de!RAR!con!láser!de!Er:YAG,!en!comparación!al!láser!solo,!sin!diferencias!para!ninguna!de!las!variables!clínicas!después!de!un!año!(Schwarz!et!al.,!2003b).!La!revisión!sistemática!que!ha!combinado!los!resultados! de! cada! una! de! las! investigaciones! concluyó! que! no! existen! diferencias!significativas!en!la!respuesta!clínica!entre!el!uso!coadyuvante!del!láser!de!Er:YAG!y!el!RAR!convencional!(Zhao!et!al.,!2014).!!Cuando!el!láser*de*Er:YAG*se*ha*usado*como*único*tratamiento,!los!resultados!clínicos!también!han!sido!contradictorios! (Tabla!2).!Así,!por!ejemplo,!en!un!estudio!en!el!que!se!comparó!el!láser!de!Er:YAG!con!el!RAR!con!instrumentos!manuales,!se!obtuvieron!mejores!resultados!en!el!grupo!del!láser!en!términos!de!reducción!del!SaS!y!de!ganancia!de!NIC!a!los!3!y!6!meses!(Schwarz!et!al.,!2001),!manteniéndose!estas!diferencias!en!una!publicación!posterior!con!2!años!de!seguimiento!(Schwarz!et!al.,!2003a).!De!manera!similar,!en!otro!estudio!se!vio!que!el!tratamiento!con!el!Er:YAG!ofrecía!mejores!resultados!en!términos!de!reducción!de!PS!y!de!ganancia!de!NIC!a!2!años!en!las!localizaciones!con!una!PS!inicial!≥4!mm!(Crespi!et!al.,!2007),!mientras!que!en!otro,!el!beneficio!adicional!sólo!se!obtuvo!para!la!ganancia!de!NIC!a! los!2!meses!(Badran!et!al.,!2012).!Por!el!contrario,!otros!estudios!con!una!metodología! similar!han! fracasado!en!demostrar!un!beneficio! adicional!del! láser! en!
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comparación!al!RAR!convencional!(Sculean!et!al.,!2004;!Malali!et!al.,!2012)!o,!incluso,!han!encontrado! peores! resultados! en! el! grupo! del! láser! (Soo! et! al.,! 2012).! La! revisión!sistemática! que! ha! comparado! el! uso! del! láser! de! Er:YAG! como! monoPterapia! con! el!tratamiento!convencional!de!RAR!ha!fracasado!en!encontrar!diferencias!significativas!para!ninguna!de!las!variables!clínicas!estudiadas!(Sgolastra!et!al.,!2012).!!Otra!de!las!aplicaciones!que!se!ha!estudiado!del!láser!es!su!efecto!en!el!tratamiento!de!las!bolsas!residuales!en!pacientes*en*mantenimiento*periodontal!(Tabla!3).!Cuando!se!ha!comparado! con! el! tratamiento! convencional,! no! se! ha! encontrado! un! valor! añadido! en!ninguno!de!los!estudios!que!lo!ha!evaluado!(Tomasi!et!al.,!2006;!Braun!et!al.,!2010;!RatkaPKruger!et!al.,!2012;!KrohnPDale!et!al.,!2012).!!Los! resultados!microbiológicos! de! este! ensayo! clínico! aleatorizado! (SanzPSánchez! et! al.,!2015b)! han! mostrado! como! ambos! protocolos! de! tratamiento! tuvieron! un! impacto!microbiológico!limitado!después!de!1!año,!sin!diferencias!significativas!entre!ellos.!En!este!contexto,! se! observó! un! cambio!mínimo! en! el! logaritmo! de! las! unidades! formadoras! de!colonias!totales,!sin!diferencias!entre!grupos!(de!6,79!a!6,93!en!el!test;!y!de!6,97!a!6,69!en!el!control).!Para!la!frecuencia!de!detección,!se!observó!un!impacto!similar!y!limitado!para!las! la!mayor!parte! (más!del!80%)!de! las!bacterias!periodontales! (P.!gingivalis,!Prevotella!
intermedia,!Fusobacterium!nucleatum).!En!cuanto!a!la!proporción!de!la!microbiota!para!los!principales!periodontoPpatógenos,!hubo!una!reducción!a!los!3!meses!en!la!proporción!de!
P.!gingivalis,!tanto!en!el! test!como!en!el!control!(de!16,3%!a!10,0%!y!de!16,0%!a!14,8%,!respectivamente),! aunque!estas!diferencias!no! fueron!estadísticamente! significativas.!En!el!grupo!test!se!observó!una!tendencia!a!la!significación!para!la!reducción!de!la!proporción!de!Eikenella!corrodens!(de!1,22%!a!0,55%;!p=0,066)!y!en!el!grupo!control!una!reducción!significativa! en! la! proporción! de! P.! intermedia! (de! 10,24%! a! 3,85%;! p=0,014)! y! una!tendencia!a! la!significación!para!el!aumento!de!la!proporción!de!T.!forsythia!(de!2,25%!a!6,49%;! p=0,09).! Por! último,! se! evaluaron! los! cambios! en! las! variables! clínicas! en! las!localizaciones! donde! se! tomaron! las! muestras! microbiológicas! para! el! cultivo.! A! los! 12!meses,! la!única!diferencia!significativa!entre! los!grupos!fue!para! la!reducción!de!PS!a! los!12!meses!(P1,97!mm!el!grupo!del!láser!y!P1,50!mm!en!el!control;!p=0,01).!!!El!impacto!microbiológico!del!uso!del!láser!de!Er:YAG!en!el!tratamiento!no!quirúrgico!de!la!periodontitis!crónica!se!ha!evaluado!en!otras!investigaciones,!tanto!como!mono!terapia!o!como!coadyuvante!al!RAR!convencional!(Tablas!4!y!5,!respectivamente).!!!
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Cuando!el* láser*se*ha*empleado*como*único*tratamiento!(Tabla!4),!la!mayor!parte!de!los!estudios!no!encontraron!un!beneficio!adicional!desde!el!punto!de!vista!microbiológico!en! comparación! al! RAR! convencional.! En! este! sentido,! un! estudio! que! empleó! la!microscopía!de!campo!oscuro!demostró!que,!después!de!un!año,!se!producía!un!aumento!en!la!proporción!de!cocos!y!una!disminución!en!la!de!espiroquetas,!con!una!recidiva!hacia!los!morfotipos!más!patogénicos!después!de!2!años!y! sin!diferencias!entre! los!grupos!de!tratamiento!(Schwarz!et!al.,!2003a).!De!un!modo!similar,!pero!empleando!la!microscopia!de! contraste! de! fase,! un! estudio! comparó! la! disminución! en! los!morfotipos! patogénicos!entre!el!láser!de!Er:YAG,!los!ultrasonidos!y!las!curetas,!con!reducciones!similares!en!todos!los! grupos! a! los! 7! y! los! 90! días! después! del! tratamiento! (Malali! et! al.,! 2012).! En! otro!estudio! que! comparó! los! mismos! grupos! de! tratamiento! que! en! el! anterior,! pero!empleando!una!técnica!de!reacción!en!cadena!de!la!polimerasa!(PCR)!semiPcuantitativa,!se!observó!un!impacto!microbiológico!significativo!en!todos!los!grupos,!pero!sin!diferencias!entre!ellos!a!los!3!y!a!los!6!meses!(Derdilopoulou!et!al.,!2007).!!!Este!láser!también!se!ha!evaluado!como!coadyuvante*al*RAR*convencional*(Tabla!5).!En!un! estudio! en! el! que! se! comparó! el! láser! de! Er:YAG! solo! o! como! coadyuvante! al!desbridamiento!mecánico!con!el!RAR!convencional,!se!observó!que!los!grupos!en!los!que!se!había!empleado!el!láser!la!respuesta!microbiológica!(por!PCR)!fue!mejor!a!los!12!meses!(Lopes! et! al.,! 2010).! Cuando! el! uso! coadyuvante! del! láser! se! ha! comparado! con! el! RAR!convencional!solo!y!con!el!coadyuvante!de!metronidazol!sistémico!(Yilmaz!et!al.,!2012)!o!la!terapia!coadyuvante!con!ozono!(Yilmaz!et!al.,!2013),!se!vio!que!todas! las!modalidades!de! tratamiento!disminuyeron!significativamente! los!recuentos! totales!y! la!proporción!de!bacterias! anaerobias! (mediante! cultivo),! pero! sin! diferencias! significativas! entre! ellas!(Tabla!5).!!Al!igual!que!en!los!estudios!clínicos,!se!ha!evaluado!el!impacto!microbiológico!del!láser!de!Er:YAG! en! el! tratamiento! de! bolsas! residuales! de! pacientes! en! mantenimiento*
periodontal! (Tabla! 6).!De!nuevo,! no! se! observó!ninguna!diferencia! entre! los! grupos,! ni!empleando! hibridación! ADNPADN! en! tablero! de! ajedrez! (“chekerboard”)! con! una! sola!aplicación! del! láser! (Tomasi! et! al.,! 2006)! o! con! aplicaciones! repetidas! cada! 3! meses!(KrohnPDale!et!al.,!2012),!ni!empleando!la!tecnología!por!PCR!(RatkaPKrüger!et!al.,!2012).!!En! resumen,! los! resultados! microbiológicos! de! esta! investigación! son! similares! a! los!obtenidos!en!otras!publicaciones,!sin!un!beneficio!adicional!del! láser!de!Er:YAG,!ni!como!único! tratamiento! (Tabla! 4)! ni! como! coadyuvante! al! RAR! convencional! (Tabla! 5).! La!
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heterogeneidad! de! los! resultados! microbiológicos! obtenidos! entre! las! publicaciones! se!puede!deber! a! distintos! factores,! como! son! la! variabilidad!de! las! tecnologías! empleadas!para!la!detección!de!bacterias!(visual,!cultivo,!molecular),!la!selección!de!poblaciones!con!distintos!perfiles!microbiológicos,! el! tipo!y! la! severidad!de!periodontitis,! el!protocolo!de!tratamiento!realizado!(Del!Peloso!Ribeiro!et!al.,!2008),!la!estrategia!de!toma!de!muestras!(Casas!et!al.,!2007)!o! las!diferencias!en!el!diseño!de!estudio! (boca!partida!o!paralelo).!A!pesar! de! todos! estos! factores,! el! posible! beneficio! microbiológico! adicional! del! uso! del!Er:YAG! parece! limitado! en! el! tiempo,! ya! que! la! recolonización! bacteriana! ocurre! de!manera!temprana!(Cugini!et!al.,!2000).!!A! pesar! de! la! ausencia! de! diferencias! significativas! en! las! variables! microbiológicas,! el!Estudio! 2! ha! encontrado! un! beneficio! clínico! en! el! protocolo! que! empleaba! el! láser! de!Er:YAG,!tanto!a!nivel!de!toda!la!boca!como!en!las!localizaciones!en!las!que!se!tomaron!las!muestras.! Esta! discrepancia! aparente! se! podría! explicar! por! los! cambios! que! pueden!acontecer!en! la! superficie! radicular!y/o! la! capacidad!en! la!eliminación!diferencial!de! los!depósitos!mineralizados!que!se!consiguen!con!la!aplicación!del!láser!(Herrero!et!al.,!2010).!!Además,!un!estudio!demostró!que!la!aplicación!del!láser!de!Er:YAG!mejoraba!el!proceso!de!reparación!del!tejido!conectivo!mediante!la!promoción!del!crecimiento!de!los!fibroblastos,!resultando!en!una!reducción!de!PS!y!en!ganancia!de!NIC!(Pourzarandian!et!al.,!2005).!!La!justificación!de!haber!realizado!un!nuevo!estudio!empleando!el!láser!de!Er:YAG,!cuando!ya!hay!suficiente!evidencia!que!demuestra!que!puede!ser!una!alternativa! igual!de!eficaz!que! el! RAR! convencional! y! que,! cuando! se! usa! como! coadyuvante,! no! aporta! un! valor!añadido,! se! fundamente!en!varios!puntos.!Primero,!que!existía!una!gran!heterogeneidad!en! los! resultados! obtenidos! por! los! distintos! grupos! de! investigación,! por! lo! que! era!importante!evaluar!que!factores!pueden!llevar!a!esas!diferencias.!En!segundo!lugar,!todos!los!estudios!que!anteriormente!han!empleado!el!láser!como!coadyuvante!lo!han!hecho!el!mismo! día! que! se! realizó! el! desbridamiento!mecánico! con! dispositivos! automáticos! y/o!instrumentos!manuales.!La!hipótesis!del!presente!trabajo!d!einvestigación!se!fundamentó!en! emplear! el! láser! una! semana! después! del! desbridamiento! mecánico,! con! el! fin! de!disminuir!el!sangrado!en!el!interior!de!la!bolsa!periodontal!y!así!mejorar!las!propiedades!ópticas!de!la!luz!del!láser,!favoreciendo!la!capacidad!de!detección!del!cálculo!del!sistema!“feedback”! ! y! la! absorción! de! los! fotones! emitidos! con! capacidad! de! ablación.! En! tercer!lugar,! el! láser! sólo! se! empleó! en!bolsas! ≥4,5!mm,! que! son! en! las! que! el! desbridamiento!convencional! tiene!más! limitaciones! para! dejar! una! superficie! radicular! completamente!limpia!y!lisa.!Otro!aspecto!que!ha!llevado!a!realizar!un!nuevo!protocolo!de!investigación!es!
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que!la!mayor!parte!de!los!estudios!que!evaluaron!el!láser!de!Er:YAG!como!coadyuvante!al!RAR!emplearon!un!diseño!de!ensayo!clínico!de!boca!partida,!con! los! inconvenientes!que!esto! puede! suponer! a! la! hora! de! independizar! los! resultados! de! distintos! grupos! de!estudio!dentro!de!la!misma!boca.!Por!último,!al!láser!de!Er:YAG!siempre!se!le!ha!achacado!que,!aunque!sea!eficaz!en!eliminar!el!biofilm!y!el!cálculo,!es!poco!eficiente!en!términos!del!tiempo! necesario! para! alcanzar! su! objetivo.! Con! este! nuevo! enfoque! propuesto,! se!pretendía! acortar! los! tiempos! de! tratamiento,! al! emplearse! el! láser! sólo! en! las!localizaciones! con! una! profundidad! de! sondaje! inicial! ≥4,5! mm,! después! de! haber!realizado! el! desbridamiento!mecánico! con! ultrasonidos! una! semana! antes.! De! hecho,! el!análisis! del! tiempo! total! de! tratamiento! mostró! como! con! el! protocolo! del! láser! se!emplearon! de! media! 72! minutos! (rango! 55P90),! mientras! que! en! el! protocolo! de! RAR!convencional!con!ultrasonidos!se!invirtieron!99!minutos!(rango!90P120).!!!
Limitaciones*del*estudio*!Una! posible! limitación! de! este! estudio! clínico! aleatorizado! es! que! cada! protocolo! de!tratamiento! fue! realizado!por!un!operador!diferente,! lo!que!podría!haber! influido!en! las!diferencias!observadas!entre! los!grupos!y,!más!aun,!cuando!está!muy!bien!documentado!que! la! instrumentación! subgingival! requiere! una! destreza! manual! y! una! experiencia!adecuadas.!Sin!embargo,!se!decidió!emplear!dos!terapeutas!distintos!para!evitar!el!sesgo!del!operador,!ya!que!el!enmascaramiento!al!grupo!de!tratamiento!fue!imposible.!Con!el!fin!de! disminuir! este! sesgo,! cada! uno! de! los! operadores! participó! en! una! sesión! de!entrenamiento! y! calibración,! que! consistió! en! el! tratamiento! de! 10! pacientes! ajenos! al!estudio!con!el!protocolo!asignado!a!cada!uno.!!!Otro! de! los! factores! que! ha! podido! influir! en! los! resultados! es! que! las! bolsas!moderadas/profundas!en!el!grupo!del!láser!recibieron!dos!tratamientos,!mientras!que!en!el!grupo!control!solo!recibieron!uno.!Sin!embargo,!el!objetivo!de!este!estudio!clínico!no!fue!evaluar!el!efecto!coadyuvante!del!láser,!sino!comparar!dos!protocolos!de!tratamiento!bajo!una!justificación!coherente.!!!Otra!posible!limitación!está!relacionada!con!la!imprecisión!y!el!error!derivados!del!método!del!sondaje,!ya!que!aunque!se!trató!de!minimizar!este!aspecto!con!el!uso!de!una!sonda!de!presión! controlada,! las! mediciones! se! podrían! haber! visto! influenciadas! por! no! haber!
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usado!una! férula! individual!que! estandarizase! la! angulación!y! el! punto!de! entrada!de! la!sonda.!!!Desde! el! punto! de! vista! estadístico! caben!mencionar! algunos! aspectos! que! han! podido!influir!en!los!resultados.!Así,!las!diferencias!en!los!valores!medios!y!en!las!frecuencias!de!distribución!de!PS!podrían!deberse!a!que!no!hubo!una!distribución!normal!de!los!datos!o!problemas! con! la! agrupación! de! los! mismos,! con! algunos! pacientes! contribuyendo! con!muchas!localizaciones!profundas!y!otros!con!pocas.!!!Por!último,!uno!de!los!factores!que!ha!podido!influir!en!que!no!se!encontraran!diferencias!desde!el!punto!de!vista!microbiológico!es!el!tamaño!muestral!reducido,!que!se!calculó!en!función!de!las!variables!clínicas!y!no!de!las!microbiológicas.!
*
*
Razones* para* justificar* la* falta* de* diferencias* significativas* entre* el* RAR*
convencional*y*los*nuevos*avances*terapéuticos*
*La! revisión! exhaustiva! llevada! a! cabo! en! esta! tesis! doctoral! sobre! el! tratamiento!periodontal!no!quirúrgico!ha!demostrado!que,!pese!a!que!están!surgiendo!nuevos!avances!tecnológicos! y! nuevos! enfoques! en! la! terapia! de! la! periodontitis,! los! resultados! suelen!obtener! un! efecto! clínico! y! microbiológico! similar,! respecto! al! del! tratamiento!convencional.!En!este!contexto,!surgen!varias!preguntas!que!deberían!ir!contestándose!en!futuras!investigaciones.!!
¿Puede'ser'que'el'tratamiento'periodontal'convencional'ya'tenga'un'gran'efecto'y'sea'
difícil'detectar'las'diferencias'por'ello?'La!revisión!de!la!literatura!ha!demostrado!que!el!tratamiento!periodontal!no!quirúrgico!es!efectivo! en! controlar! la!mayor! parte! de! las! periodontitis! crónicas,! especialmente! en! los!casos!de!periodontitis!iniciales!y!moderadas,!que!a!su!vez,!son!las!formas!más!prevalentes!de!la!enfermedad.!El!efecto!clínico,!en!términos!de!reducción!de!PS!y!de!la!ganancia!de!NIC,!parece!ser!bastante!consistente!y!está!directamente!relacionado!con!el!grado!de!severidad!de!la!enfermedad,!con!las!técnicas!de!higiene!oral!llevadas!a!cabo!por!parte!del!paciente,!con!la!instauración!de!un!correcto!protocolo!de!mantenimiento!periodontal!a!largo!plazo!y!con! el! control! de! ciertos! factores! de! riesgo! como! el! tabaco! o! el! control! glicémico.! Se! ha!visto!incluso!que!aunque!no!se!pueda!eliminar!correctamente!todo!el!biofilm!y!el!cálculo!de!las!superficies!radiculares,!la!respuesta!al!tratamiento!es!exitosa!en!la!mayor!parte!de!
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los! casos,! ya! que! se! consigue! alcanzar! un! equilibrio! entre! las! bacterias! patógenas! y! la!respuesta!del!huésped.!!!La!razón!por!la!que!los!nuevos!avances!tecnológicos!y!los!nuevos!enfoques!de!tratamiento!no!mejoren!los!resultados!obtenidos!con!el!tratamiento!convencional!podría!deberse!a!que!la! magnitud! del! efecto! del! tratamiento! está! directamente! determinado! por! los! factores!expuestos!anteriormente!y!por!el!hecho!de!que!la!eliminación!del!agente!causal!tenga!un!potencial! de! cicatrización! determinado.! Además,! hay! que! tener! en! cuenta! que! la!recolonización! bacteriana! empieza! poco! después! de! finalizar! el! tratamiento,! por! lo! que!independientemente! del! protocolo! de! tratamiento! o! del! instrumento! de! eliminación!mecánica!que! se! emplee,! el! efecto! clínico! a!medio! o! largo!plazo! es! similar.!No!obstante,!esto!son!conjeturas!que!deberán!aclararse!en!futuras!investigaciones.!!
¿Puede'que'las'diferencias'sean'estadísticamente'significativas'pero'clínicamente'no'
relevantes?'Al!analizar!de!manera!independiente!las!distintas!publicaciones!que!han!aparecido!en!este!campo,! se! ha! visto! que! son! muy! pocas! las! que! han! encontrado! un! valor! adicional,!significativo!desde!el!punto!de!vista!estadístico,!de!un!nuevo!enfoque!de! tratamiento!en!comparación!al!RAR!convencional.!Sin!embargo,!es!importante!valorar!si!estas!diferencias!significativas! son! relevantes! desde! el! punto! de! vista! clínico.! Éste! es! un! aspecto!controvertido,! ya! que! se! dispone! de! muchas! herramientas! estadísticas! para! diseñar!estudios!en!los!que!se!busca!detectar!una!diferencia.!Sin!embargo,!uno!de!los!retos!de!los!estudios!comparativos!es!determinar!si!las!diferencias!desde!el!punto!de!vista!estadístico!lo!son!realmente!desde!el!punto!de!vista!clínico.!Resolver!esta!cuestión!es!complicado!y,!hoy!por!hoy,!no!se!dispone!de!una!respuesta!contundente.!Sí!está!definido!que!cualquier!valor!añadido!que!impida!el!tener!que!realizar!un!tratamiento!más!avanzado,!como!es!la!cirugía!periodontal,!sería!clínicamente!relevante.!!
!
¿Puede'que'haya'que'buscar'las'diferencias'en'las'variables'basadas'en'el'paciente'y'
no'en'las'variables'clínicas?'Se!ha!demostrado!que!el!tratamiento!periodontal!no!quirúrgico!de!la!periodontitis!crónica!es! uno! de! los! procedimientos! terapéuticos! avalados! con! una! mayor! evidencia! y! mejor!documentados! en! la! literatura! científica.! Es! por! ello! que! muchas! de! las! nuevas!investigaciones!que!se!publican!en!este!campo!están!encaminadas!a!detectar!diferencias!en!las!variables!relacionadas!con!el!paciente.!En!este!sentido!es!importante!recalcar!que,!pese!a!que! los!resultados!del!RAR!son!predecibles,!están!sujetos!a!varias!secuelas,!como!
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son!la!hipersensibilidad!dental!y!los!problemas!estéticos!derivados!de!la!recesión!gingival!y! de! la! pérdida! de! tejido! interdentario.! En! este! sentido,! se! observa! que! con! los! nuevos!enfoques! o! con! las! nuevas! tecnologías! se! está! buscando! que! el! paciente! afronte! el!tratamiento!con!menos!dolor!y!menos!molestias!postoperatorias.!Sin!embargo,!hoy!en!día!no! se! dispone! de! la! solución! para! conseguir! el! mismo! efecto! clínico! en! términos! de!reducción! de! PS! y! ganancia! de! NIC! pero! con!menos! recesión! de! los! tejidos! blandos.! Es!justamente!este!punto!en!el!que!se!podría!buscar!un!valor!añadido!potencial!de!las!nuevas!tecnologías!que!van!surgiendo!en!el!mercado.!!
¿Cuál' es' el' costeKbeneficio' de' los' nuevos' enfoques' terapéuticos' y' las' nuevas'
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Tabla*1:!Principales!hallazgos!clínicos!de!los!estudios!que!han!empleado!el!láser!de!Er:YAG!como!coadyuvante!en!el!tratamiento!periodontal!no!quirúrgico.!!!Autor,!año! Diseño,!tamaño!muestral! Tratamiento!del!grupo!test! Tratamiento!del!grupo!control! Tº! Hallazgos!Clínicos!Yilmaz!2013* ECAPparalelo!(n=30)! T1:RAR+Er:YAG!T2:RAR+Ozono!(50mJ/20Hz)! RAR! 3!m! (∆!PS)!T1:1,4;!T2:1,1;!C:1,0!(∆!NIC)!T1:1,1;!T2:0,8;!C:0,8!(∆!ISS)!T1:P2,7;!T2:P2,2;!C:P2,4!!(∆!IP)!T1:P0,9;!T2:P1,0;!C:P1,0!(0P3)!Yilmaz!2012* ECAPparalelo!(n=27)! T1:RAR+Er:YAG!T2:RAR+!Metronidazol!sistémico!(30mJ/10Hz)!
RAR! 3!m! (∆!PS)!T1:0,8;!T2:0,6;!C:0,5!(∆!NIC)!T1:0,7;!T2:0,4;!C:0,3!(∆!IG)!T1:P1,1;!T2:P1,0;!C:P1,0!(0P3)!(∆!IP)!T1:P1,1;!T2:P1,1;!C:P1,0!(0P3)!Lopes!2010* ECAPboca!partida!(n=19)! T1:RAR+Er:YAG!T2:Er:YAG!(100mJ/10Hz)! C1:!RAR!(curetas)!C2:!No!tratamiento.!
12!m! (∆!PS)!T1:2,2;!T2:1,6;!C1:2,3;!C2:P0,4!(∆!NIC)!T1:1,1;!T2:0,7;!C1:1,4;!C2:P0,1!(∆!SaS)!T1:P68;!T2:P62;!C1:P68;!C2:P38!(∆!IP)!T1:P23;!T2:P20;!C1:P22;!C2:P20!Rotundo!2010* ECAPboca!partida!(n=27)! T1:RAR+Er:YAG!T2:Er:YAG!(150mJ/10Hz)! C1:!RAR!(curetas+US)!C2:!Profilaxis!supragingival!
6!m! (∆!PS)!T1:1,2;!T2:0,7;!C1:1,0;!C2:0,7!(∆!NIC)!T1:0,5;!T2:0,2;!C1:0,5;!C2:0,1!(∆!SaS)!T1:P18;!T2:P17;!C1:P16;!C2:P10!(∆!IP)!T1:P16;!T2:P24;!C1:P20;!C2:P22!Schwarz!2003b* ECAPboca!partida!(n=20)! Er:YAG!+RAR!(curetas)!!(160mJ/10Hz)! Er:YAG!(160mJ/10Hz)! 12!m! (∆!PS)!T:1,6;!C:1,3!(∆!NIC)!T:1,4;!C:0,7!(∆!SaS)!T:P36;!C:P24!(∆!IP)!T:0,3;!C:0,2!(0P3)!!Tº:!Tiempo!de!seguimiento.!ECA:!Ensayo!clínico!aleatorizado.!T:!Test;!C:!Control;!T1:!Test!1;!T2:!Test!2;!C1:!Control!1;!C2:!Control!2.!RAR:!Raspado!y!alisado!radicular.!mJ:!miliPjulios;!Hz:!Hercios;!US:!Ultrasonidos.!∆!PS:!reducción!de!la!profundidad!de!sondaje;!∆!NIC:!ganancia!de!inserción;!!∆!SaS:!cambios!en!el!sangrado!al!sondaje!(%);!!∆!IP:!cambios!en!la!placa!(%!salvo!cuando!se!indica!1P3);!!∆!IG:!reducción!del!índice!gingival;!!∆!ISS:!cambios!en!el!índice!de!sangrado!del!surco.!!!!!!!!!!
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Tabla*3:!Principales!hallazgos!clínicos!de!los!estudios!que!han!empleado!el!láser!de!Er:YAG!en!el!tratamiento!de!bolsas!residuales!durante!el!mantenimiento!periodontal.!!!Autor,!año! Diseño,!tamaño!muestral! Tratamiento!del!grupo!test! Tratamiento!del!grupo!control! Tº! Hallazgos!Clínicos!Tomasi!2006* ECAPboca!partida!(n=20)! Er:YAG!(160mJ/10Hz)+!Feedback! RAR!(US)! 4!m! (∆!PS)!T:1,1;!C:1,0!(∆!NIC)!T:0,6;!C:0,4!(∆!SaS)!T:P50;!C:P52!(∆!IP)!T:9;!C:3!!Braun!2010* ECAPboca!partida!(n=40)! Er:YAG!(120mJ/10Hz)! RAR!(Sónico)! 3!m! (VAS!dolor)!T:0,7;!C:2,1!(∆!SaS)!T:P36;!C:P33!!RatkaPKruger!2012* ECAPboca!partida!(n=78)! Er:YAG!(120mJ/10Hz)! RAR!(Sónico)! 6,5!m! ∆!PS)!T:1,2;!C:1,2!(∆!NIC)!T:0,8;!C:0,8!(∆!SaS)!T:P33;!C:P24!(∆!IP)!T:P1;!C:3,8!KrohnPDale!2012* ECAPboca!partida!(n=15)! Er:YAG!(160mJ/10Hz)!Cada!3!meses! RAR!(US+curetas)!Cada!3!meses! 12!m! ∆!PS)!T:1,9;!C:1,4!(∆!NIC)!T:0,0;!C:0,2!(∆!SaS)!T:P14;!C:P4!(∆!IP)!T:P7;!C:P23!!!!Tº:!Tiempo!de!seguimiento.!ECA:!Ensayo!clínico!aleatorizado.!T:!Test;!C:!Control.!RAR:!Raspado!y!alisado!radicular.!mJ:!miliPjulios;!Hz:!Hercios;!US:!Ultrasonidos.!∆!PS:!reducción!de!la!profundidad!de!sondaje;!∆!NIC:!ganancia!de!inserción;!!∆!SaS:!cambios!en!el!sangrado!al!sondaje!(%);!!∆!IP:!cambios!en!la!placa!(%!salvo!cuando!se!indica!1P3);!!∆!IG:!reducción!del!índice!gingival;!!∆!ISS:!cambios!en!el!índice!de!sangrado!del!surco.!!!!!!!!!!!!!!!!!!!
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Tabla*4:!Principales!hallazgos!microbiológicos!de!los!estudios!que!han!empleado!el!láser!de!Er:YAG!como!monoterapia!en!el!tratamiento!periodontal!no!quirúrgico.!! !Autor,!año* Diseño,!tamaño!muestral* Tratamiento!del!grupo!test* Tratamiento!del!grupo!control! Micro!Técnica!
Variables!




24!m!(6mP!mmicro)! 3!meses:!<!estirpes!móviles!y!espiroq.!(T,C)!>!cocos!y!estirpes!no!móviles!(T,C)!6!meses:!>!estirpes!móviles!y!espiroq.!(T,C)!<!cocos!y!estirpes!no!móviles!(T,C)!!Malali!2012* ECAPparalelo!(n=30)! Er:YAG!(160mJ/10Hz)! C1:RAR!(US)!C2:!RAR!(curetas)! Contraste!de!fase!%!bacterias!
y!leucocitos!














Tabla*5:!Principales!hallazgos!microbiológicos!de!los!estudios!que!han!empleado!el!láser!de!Er:YAG!como!coadyuvante!en!el!tratamiento!periodontal!no!quirúrgico.!! !Autor,!año* Diseño,!tamaño!muestral* Tratamiento!del!grupo!test* Tratamiento!del!grupo!control* Micro!Técnica!
Variables!
Tº! Principales!hallazgos!microbiológicos!!!Yilmaz!2013* ECAPparalelo!(n=30)! T1:RAR+Er:YAG!T2:RAR+!Ozono!(50mJ/20Hz)! RAR! Cultivo!UFC!y!%!de!anaerobios!
estrictos!
























Tabla*6:!Principales!hallazgos!microbiológicos!de!los!estudios!que!han!empleado!el!láser!de!Er:YAG!en!el!tratamiento!de!bolsas!residuales!durante!el!mantenimiento!periodontal.!!Autor,!año* Diseño,!tamaño!muestral* Tratamiento!del!grupo!test* Tratamiento!del!grupo!control! Micro!Técnica!
Variables!
Tº! Principales!hallazgos!microbiológicos!!!Tomasi!2006* ECAPboca!partida!(n=20)! Er:YAG!(160mJ/!10Hz)!+!Feedback! RAR!(US)! DNAPDNA!checkerboard!12!especies!
Escala!de!0!a!5!
4!m!(1!mP!micro)! !2!días:!<!de!todas!las!especies!(sin!DES!entre!T!y!C)!<!complejo!rojo!y!naranja!(Socransky)!(T!y!C)!1!mes:!<!de!todas!las!especies!(sin!DES!entre!T!y!C)!Tendencia!al!>!complejo!rojo!(Socransky)!(T!y!C)!RatkaPKruger!2012* ECAPboca!partida!(n=78)! Er:YAG!(120mJ/!10Hz)! RAR!(Sónico)! Sondas!DNA!11!especias!Transformación!a!
UFC!


















*Periodontitis!are!chronic!inflammatory!diseases,!infectious!in!nature,!caused!by!a!complex!polymicrobial! microbiota,! resulting! in! periodontal! tissue! destruction! in! susceptible!individuals.! Even! though! the! tissue! destruction! is! mainly! caused! by! the! host! response!against!the!bacterial!aggression,!the!current!treatment!of!periodontitis!is!aimed!to!reduce!the!subgingival!biofilm!for!rePestablishing!a!healthPassociated!hostPbiofilm!homeostasis.!!The!standard!mode!of!mechanical!debridement,!scaling!and!root!planing!(SRP)!is!rendered!with!the!use!of!curettes,!scalers!or!ultrasonic!instruments,!which!remove!the!subgingival!biofilm!and!dislodge!calculus!from!the!affected!roots.!The!efficacy!of!this!therapy!has!been!evaluated!in!various!systematic!reviews!reporting!significant!reductions!in!probing!pocket!depth! (PPD)!and!gingival! inflammation! (bleeding!on!probing,!BOP),! irrespectively!of! the!instruments!used.!!The!microbiological! impact! of! SRP! has! been! showed! to! be! limited! in! time.! It! is! able! to!reduce!the!mean!counts,!frequency!of!detection!and!proportions!of!the!pathogenic!target!species,!but!recolonization!starts!soon! from!other!oral!niches.!This! is!one!of! the!reasons!why! it! is! crucial! to! prevent! the! new! biofilm! formation! by!means! of! selfPperformed! oral!hygiene!and!supportive!periodontal!therapy.!!Nevertheless,!SRP!is!subjected!to!some!limitations!in!its!capacity!to!remove!completely!the!subgingival!biofilm,! especially! in! the!more!advanced! stages!of!disease!and! in! areas!with!difficulties! for!access.! In! this! sense,! the!conventional!mode!of! therapy!can!be!performed!differently!in!order!to!improve!the!clinical,!microbiological!and!patientPrelated!outcomes.!This! can! be! done! by! modifying! the! available! instruments! (curettes! and! automatic!instruments),! by! performing! SRP! with! different! strategies! and! protocols,! by! using!adjunctive!therapies!or!by!developing!new!technologies!for!subgingival!debridement.!!!Among!the!new!technologies,!lasers!have!been!used!in!Periodontics!for!different!purposes,!especially! the! Er:YAG! laser,! which! has! the! capacity! to! remove! subgingival! biofilm! and!
Tesis!Doctoral!Ignacio!Sanz!Sánchez!
! 74!




Study* 1.! The! first! target! was! met! by! reviewing! randomised! clinical! trials! published!between!2010!and!2012.!The!narrative!review!aimed!to!analyse!the!scientific!evidence!in!the!advances!in!the!nonPsurgical!periodontal!therapy!in!terms!of!modifications!of!standard!therapies! (such! as! enhancement! of! instrument! tip! designs),! on! development! of! new!technologies!(such!as!lasers),!or!development!of!alternative!treatment!protocols!(e.g.,!fullPmouth! disinfection).! The! literature! search! found! 25! publications:! four! were! related! to!modifications! of! standard! therapies! (new! tip! designs! and! local! anaesthetics),! 17! to! new!technologies! (new! ultrasonic! devices,! air! abrasive! systems,! endoscope! and! lasers),! and!four! to! new! treatment! protocols.! The!main! finding! of! the! review!was! that! nonPsurgical!periodontal! therapy! is! efficacious! for! patients! with! periodontitis,! irrespective! of! the!instrument! used! or! the! treatment! protocol! performed.! Many! new! technologies! are!available! in! the!market!and!most!have!not!been!properly! tested! in! clinical! research,!but!overall,!most! of! them!have!demonstrated! similar! clinical! outcomes! to! conventional! SRP,!with! either! curettes! or! powerPdriven! instruments.! All! these! new! protocols! and!technologies,! however,! have! shown! improved! patientPrelated! outcomes! and,! in! some,!improved!costPeffectiveness.!!
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The!field!of!new!technologies!represents!the!most!popular!area!for!research!and,!among!it,!lasers!are!the!devices!that!are!being!more!investigated!for!the!treatment!of!periodontitis.!Lasers! can! be! used! with! four! different! purposes! in! the! nonPsurgical! treatment! of!periodontitis!depending!on!the!type!of!laser:!low!level!power,!photodynamic!therapy,!soft!tissue! ablation! and! hard! tissue! ablation.! As! the! main! goal! of! periodontal! therapy! is! to!effectively! remove!dental! biofilm! and! calculus,! the! lasers! that! can! achieve! this! objective!are!the!ones!that!can!ablate!hard!tissue,!represented!by!the!Erbium!lasers.!The!others!can!be! use! as! adjuncts! to! a! different! way! of! debriding! the! root! surface,! but! cannot! be!considered!as!an!alternative!to!SRP.!!Among! the!Erbium! lasers,! the!Er:YAG! is! the! one! that! has! been!more! investigated! in! the!treatment!of!periodontitis,!both!as!monoPtherapy!or!as!adjunctive!to!conventional!SRP.!It!is!well! documented! that! it! can! effectively! debride! the! root! surface!without! damaging! it.!The!evidence!shows!that!this!type!of!laser!can!be!an!alternative!to!conventional!SRP,!with!some! advantages,! regarding! patientPrelated! outcomes,! and! disadvantages,! as! the! costPeffectiveness!or!treatment!time!needed.!!
*
Study* 2.*The!second!paper!analysed! the!clinical!efficacy,!after!one!year,!of!a!protocol!of!subgingival!debridement!combining!a!full!mouth!ultrasonic! instrumentation!plus!the!use!of!the!Er:YAG!laser,!one!week!later,!in!initial!pockets!with!PPD≥4,5!mm,!in!comparison!to!a!conventional! ultrasonic! instrumentation! rendered! in! one! week.! The! results! of! this!randomised! clinical! trial! showed! that! both! treatments! resulted! in! significant! clinical!improvements.! The! test! group! achieved,! in! comparison! with! the! control! group,! a!significantly! lower! percentage! of! sites! with! PPD≥! 4,5! mm! (17,44%! versus! 22,83%,!respectively;!p!=!0,004)!and!a!tendency!for!a!lower!percentage!of!sites!with!PPD!≥!4,5!mm!and!BOP!(open!pockets)!(9,78%!versus!12,69%,!respectively;!P!=!0,052).!!
Study*2.*The!third!paper!evaluated! if! the!possible!added!value!obtained!clinically! in! the!trial! could! be! due! to! a! better! microbiological! result.! Microbiological! samples! were!analysed,!by!means!of!culture,!and!different!outcome!variables!were!calculated,!including!total!counts!of!anaerobic!bacteria,!and!frequency!of!detection,!proportions!and!counts!of!target! species.! The! results! showed! that! minor! changes! were! observed! for! total! colony!forming! units,! with! no! differences! between! groups.! For! the! frequency! of! detection,! a!limited!and!similar!impact!in!both!groups!was!observed!for!the!most!prevalent!(over!80%!of! frequency! of! detection)! periodontal! pathogens.! ! For! proportions,! reductions! in! P.!
gingivalis!occurred!at!3!months,!both!in!the!test!and!control!groups!(from!16,3%!to!10%!and! 16%! to! 14.8%,! respectively),! although! these! differences! were! not! statistically!
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significant.! At! 12! months,! the! test! group! showed! a! statistically! significant! greater!reduction!in!probing!depth!for!the!sampled!sites.!!! !
Conclusions*The!update!on!the!scientific!evidence!shows!that!the!field!of!lasers!is!the!most!productive!in! the! evaluation! of! nonPsurgical! treatment! of! periodontitis,! above! the!modifications! of!conventional!instruments,!new!treatment!strategies!or!other!technological!advances.!A!new!treatment!protocol,!combining!a!full!mouth!ultrasonic!debridement!and!the!Er:YAG!laser,!showed!a!clinical!added!benefit,!compared!to!conventional!treatment!,in!terms!of!a!higher!reduction!of!moderate/deep!pockets!and!a!tendency!to!decrease!“open”!pockets.!The!adjunctive!used!of!Er:YAG! laser!with! this!new! treatment!protocol!did!not!provide!a!microbiological!added!value!compared!to!conventional!treatment.!
*
